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EXECUTIVE SUMMARY
Many migratory waterbirds spend as much as three quarters or more of their
annual cycle in migration or on the wintering grounds.  Their populations depend not
only on places to breed but also on the quality and continued availability of habitats
within winter areas and along migration routes.  The importance of identifying and
protecting these nonbreeding habitats has been recognized by conservation organiza-
tions throughout the world and represents a formidable international conservation
challenge.  Due to its geographic position, Panama exists as a continental crossroads
where large numbers of intercontinental migrants converge.
The United States Department of Defense controls and manages greater than
32,000 hectares of land surrounding the Panama Canal.  In 1977, President Carter
signed the Panama Canal Treaty that ensures the transfer of United States landhold-
ings to the Republic of Panama by the year 2000.  In anticipation of this historic transfer
and in recognition of the extraordinary natural resources contained within these lands,
the Legacy Resource Management Program of the Department of Defense has funded
a series of investigations designed to identify lands with exceptional ecological value
so that they may be incorporated into future management plans.
During the fall of 1997, the Center for Conservation Biology in collaboration with
the Department of Defense and the Smithsonian Tropical Research Institute conducted
an investigation of waterbirds within the canal zone and the greater Bay of Panama.
Weekly aerial surveys were conducted along a 100 km segment of shoreline to deter-
mine the abundance, phenology, and distribution of intertidal waterbirds.  Ground
surveys were conducted twice per week within 15 field sites to determine habitat use
patterns, abundance, and phenology of waterbirds using nontidal habitats.  Banding
operations were conducted weekly to determine population structure and turnover rates
of Western Sandpipers.
Migratory shorebirds were the most diverse and abundant waterbird group using
the intertidal zone.  The number of shorebirds using the tidal flats east of Panama City
exceed the criteria of the Western Hemisphere Shorebird Reserve Network for classifi-
cation as a hemispheric site (i.e. host to > 500,000 shorebirds).  The Western Sand-
piper was the most abundant species with a seasonal population estimate of 1.1 million.
Other abundant species included Semipalmated Sandpiper, Semipalmated Plover,
Short-billed Dowitcher, Black-bellied Plover, Willet, and Whimbrel.
Information on habitat use and temporal patterns of abundance was collected for
more than 70 species of waterbirds across three nontidal habitats.  Open, nontidal
wetlands supported the most diverse and abundant waterbird community followed by
short grass and tall grass habitats.  All three habitats supported a group of obligate
species that used them nearly exclusively, as well as, a group of facultative species that
used them as alternate habitats.  Temporal patterns of abundance were highly variable
and species-specific.
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Nontidal habitats within the canal zone do not rise to the significance level
reached by the intertidal habitats east of Panama City.  These lands do provide habitat
to a diversity of both resident and migratory waterbirds.  However, the conservation
significance of these habitats is primarily on a local to regional scale.
INTRODUCTION
Many migratory waterbirds spend as much as three quarters or more of their
annual cycle in migration or on the wintering grounds.  Their populations depend not
only on places to breed but also on the quality and continued availability of habitats
within winter areas and along migration routes.  The importance of identifying and
protecting these nonbreeding habitats has been recognized by conservation organiza-
tions throughout the world and represents a formidable international conservation
challenge (Myers 1983, Myers et al. 1987, Morrison and Myers 1989). To date, most of
the work to identify such conservation areas in the western hemisphere has focused on
habitats in northern latitudes near the breeding grounds (e.g. Pitelka 1979, Hacklin
1987, Howe et al. 1989, Clark et al. 1993).  Such work has identified a number of key
staging and wintering areas and is beginning to place such areas in proper context.
Much less attention has been given to similar habitats near or within wintering areas
(Morrison 1984, Morrison and Ross 1989, Butler et al. 1997).
Due to its geographic position, Panama exists as a continental crossroads where
large numbers of intercontinental migrants converge.  In recent years, work by the
Canadian Wildlife Service has documented the importance of intertidal areas along the
northern shoreline of the Gulf of Panama as wintering areas for migrant shorebirds,
waders, and seabirds (Butler et al. 1997, Morrison et al. 1998).  When compared with
earlier surveys of coastal South America (Morrison and Ross 1989), this work indicates
that the upper Bay of Panama is one of the most important wintering areas for shore-
birds known in Latin America.  An additional survey conducted during October of 1988
indicates that this region may be of equal or greater importance as a staging area for
waterbirds migrating south in the fall (Morrison et al. 1998).
The United States Department of Defense controls and manages greater than
32,000 hectares of land surrounding the Panama Canal.  Due to their geographic
position, these are the most biologically diverse lands that the Department of Defense
controls worldwide.  In 1977, President Carter signed the Panama Canal Treaty that
ensures the transfer of United States landholdings to the Republic of Panama by the
year 2000.  In anticipation of this historic transfer and in recognition of the extraordinary
natural resources contained within these lands, the Legacy Resource Management
Program of the Department of Defense funded a rapid ecological assessment in 1992
and subsequent investigations throughout the 1990’s.  The goal of these investigations
has been to identify lands with exceptional ecological value so that they may be incor-
porated into future management and development plans.  The focus of these investiga-
tions has been on plants and animals within upland areas of the canal zone.
In order to more fully evaluate canal zone habitats, the Legacy Program ex-
panded the assessment project in the fall of 1996 to include waterbirds and their habi-
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tats.  Fieldwork was conducted during the fall months of 1997.  Fieldwork was con-
ducted during the fall months of 1997.  The objectives of this work were:
1. To determine the species composition, abundance and seasonal dynamics of
waterbirds within the Canal Zone and surrounding areas during fall migration.
2. To determine the relative use of wetland habitats within and surrounding the
Canal Zone by migrating and resident waterbirds.
METHODS
Study Area
This study was conducted along the northern shoreline of the Bay of Panama
between the mouth of the Rio La Maestra to the east and the small fishing village of
Playa Leona to the west (FIGURE 1).  This region contains several habitats of value to
both resident and migrant waterbirds including extensive intertidal flats, abundant
grasslands, and freshwater wetlands.
The upper Bay of Panama experiences a 7 m tidal range that is strongly influ-
enced by both the lunar cycle and frequent winds.  This large tidal range in combination
with the local geology has resulted in the formation of spectacular intertidal flats that
may reach several kilometers in width during low tide periods.  These flats are most
extensive east of Panama City where the topography forms a narrow coastal plain that
gently slopes to the shoreline.  Intertidal flats in this area are primarily composed of fine
silt and organic components from adjacent mangrove forests.  Extensive sand flats are
also present, particularly associated with the discharge of large tributaries such as the
Rio Bayano.  West of Panama City, the topography has much greater relief along the
shoreline with intertidal flats alternating with bluffs and rocky cliffs.  Intertidal flats are
generally composed of sand or rock of volcanic origin.  Wide, organic mudflats are
restricted to coves, bays, and points that are lined with mangrove forests.
Open grassland and wetland habitats support numerous waterbird species as
either primary or alternate foraging patches.  Within the upper Bay of Panama, grass-
land habitats include both rangelands and managed grasslands.  Rangelands are
common and widespread throughout the upper Bay region.  Managed grasslands are
more local than rangelands and include both tall and short grasslands depending on
the maintenance regime employed.  Managed grasslands are less common than range-
lands and are concentrated around the canal Zone.  In addition to grasslands, the
upper bay region contains a diversity of nontidal wetlands that provide habitat for mi-
grant and resident waterbirds.  Wetland habitats range from open water areas within
farm ponds, impoundments, and ditches to short and tall emergent wetlands.
Field Techniques
Upper Bay Intertidal Zone - We determined the abundance of waterbirds using a
series of low-altitude aerial surveys from the third week of August through the first week
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of November, 1997.  Each survey began near the mouth of the Rio La Maestra and
ended just west of the village of Playa Leona (FIGURE 1).  The survey included all
active shoreline except for a short segment directly around Panama City (the shoreline
between Panama Viejo and the Panama Canal were not surveyed because of airspace
restrictions).
FIGURE 1.  Map of Panama illustrating the location of aerial transect along the upper Bay
shoreline.  Numbered segments include 10 km of shoreline.
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All surveys were conducted from a Cessna 172, high-wing airplane flying 15-25
m above ground at an airspeed of approximately 140 km/hr.  Low altitude flights were
used to flush birds from the ground to ease identification and numerical estimation.
Twelve surveys were flown during the study period.  As much as possible, surveys were
flown once every 7 d.  However weather conditions and the timing of the tidal window
resulted in some deviations from this schedule (average interval between surveys =
7.09 d).  Surveys took approximately 2 hr to complete.
Shorebirds were given priority when determining the timing of survey flights.
Within the upper Bay of Panama, shorebirds are most effectively surveyed when the
tide is incoming and approximately 2/3 to 3/4 full.  During this time window, birds are
highly concentrated within a narrow band along the shoreline and are easily surveyed.
When the tide is less than 2/3 full, birds are scattered over too large an area and the
majority of birds do not flush in response to the survey plane.  When the tide is near
full, birds leave the intertidal zone and fly to upland roosting areas.  During a typical
tide cycle, this survey window lasts approximately 2 hrs.  This was the target time
window for all survey flights (see TABLE 1 for flight times and conditions).
The time window chosen for surveys was the most appropriate possible for
shorebirds, however, it was less appropriate for other groups of intertidal waterbirds.
For example, long-legged waders such as herons, egrets, and spoonbills typically fly to
roost areas sooner than shorebirds.  Cormorants and pelicans are generally most
abundant within the intertidal zone during periods when the tide is high.  Because these
bird groups are most abundant during periods other than those surveyed, aerial sur-
veys may have grossly underestimated their numbers.  The magnitude of this underes-
timate is currently unknown.
Date Survey Start Time Predicted Tide Time Predicted Tide Height (cm) 
August    
                     15 10:45 12:48 430 
                     22 15:50 18:53 533 
                     30 12:15 14:18 436 
September    
                      5 17:00 18:00 463 
                     13 11:45 12:25 427 
                     20 15:55 18:33 536 
                     27 12:05 13:06 405 
October    
                      4 15:05 17:32 472 
                     13 11:00 13:08 460 
                     25 10:50 11:25 387 
November    
                       1 14:20 16:31 479 
 
TABLE 1.  Dates and timing of aerial survey flights.  Predicted times and heights
of high tides were taken from 1997 tide tables for Balboa, Panama.
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Surveys were a collaborative effort between 2 observers (the same 2 observers
conducted all surveys).  The first observer estimated both size and composition of bird
flocks.  Numerical estimates were rounded off using a graded scale: complete count for
flocks < 20, nearest 5 for 20 - 50, nearest 20 for 100 - 200, nearest 50 for 200 - 1,000,
nearest 100 for 1,000 - 5,000, nearest 500 for 5,000 - 10,000, nearest 1,000 for 10,000
- 20,000, nearest 5,000 for > 20,000.  Survey information was dictated on tape for later
transcription.  The second observer mapped flock locations using topographic maps.
Only “concentration areas” were mapped individually.  Concentration areas were de-
fined as containing 1,000 or more individuals.  Each concentration area was mapped
and given a numeric code that was cross referenced with survey data.  In order to
examine broad-scale distribution patterns within the upper Bay of Panama, the shore-
line was subdivided into 10, 10-km segments (FIGURE 1).  All birds detected were
assigned to one of these shoreline segments.
The majority of both medium and large shorebirds were identified to species.
However, numbers of “small shorebirds” were estimated as a group.  In general, small
shorebirds could not be reliably identified to species during aerial surveys.  Although
several species of small shorebirds were observed using the intertidal zone, three
species including Western Sandpiper, Semipalmated Sandpiper, and Semipalmated
Plover were believed to account for greater than 95% of the total individuals.  The
relative proportion of these three species was determined using a combination of high-
tide roost surveys and banding operations.
Repeated surveys of high-tide roost areas revealed that the majority of birds in
the small size class were Western Sandpipers, Semipalmated Sandpipers, and Semi-
palmated Plovers.  Surveys of birds within high-tide roost areas were used to determine
the proportion of small shorebirds accounted for by Semipalmated Plovers.  Surveys
were conducted within the Costa del Este II field site (see below).  A spotting scope
was used to scan all birds within roost sites.  Birds were counted and identified to
species (except for Western and Semipalmated Sandpipers that were collectively
counted as “peeps”).  Roost surveys were conducted in conjunction with “marked bird
counts” (see below).  Banding data were used to determine the proportion of “peeps”
that were accounted for by Western and Semipalmated Sandpipers.  All birds captured
were identified to species by bill length and other subtle morphological characteristics.
As with shorebirds, all large seabirds such as Brown Pelican, Magnificent
Frigatebird, and Neotropic Cormorant were identified to species.  All long-legged wad-
ers including herons, egrets, ibises, spoonbills and storks were reported as a single
group.  Although these species could be readily identified to species from the air, it
proved too difficult to record survey information on such a diverse group.  Some spot
counts were conducted for both Roseate Spoonbill and Wood Stork.  All terns were
reported as a group.  All gulls were assumed to be Laughing Gulls.  Although other gull
species were detected during the study period, they were thought to represent a very
minor fraction of the total individuals.
Habitats Within the Canal Zone and Vicinity - In addition to aerial surveys, ground
surveys for waterbirds were conducted within 15 different field sites.  Field sites were
generally concentrated within or around military installations (FIGURE 2).  However,
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FIGURE 2.  Map of the Pacific entrance to the Panama Canal illustrating the canal zone and vicinity.  Black areas indicate sites used
for ground surveys.  See TABLE 2 for descriptions of field sites indicated.
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additional sites were also included for surveys that fell outside military installations.
This was done in order to sample additional habitats that were not well represented on
the installations (see TABLE 2 for description of all ground sites).  Waterbirds within
ground sites were surveyed by either counting all individuals within a site or by sub-
sampling using variable-width transects.  Total counts were used within sites such as
intertidal flats and short-grass fields where all individuals present could be easily de-
tected.  Variable-width transects were used in marshes with tall emergent vegetation
and in fields with tall grasses.
Total Counts - All waterbirds within intertidal sites and sites maintained with short grass
were surveyed by systematically scanning the ground surface with binoculars and
spotting scopes.  All individuals detected were identified to species and recorded.
Variable-width transect - All waterbirds within sites containing tall grass or tall emergent
marsh vegetation were subsampled using a variable-width transect technique.
Waterbirds were surveyed by walking a series of marked transects.  All individuals
encountered along transects were identified to species and recorded.  In addition to the
species, how the bird was initially detected was also recorded.  Detection types in-
cluded, aural, visual, and flushed.  Distances between the observer and birds detected
were also recorded in order to facilitate density estimation.  Because of the difficulties
with unreferenced distance estimation, a stratified approach was used.  For birds be-
lieved to be within 30 m of the observer, distances were rounded to the nearest 5 m.
SITE CODE SITE NAME HABITAT TYPE SIZE (HA) 
ANFI Antenna Field Short Grass 22.46 
ROAF Rodman Activity Field Short Grass 2.27 
HOEF Howard Equestrian Field Short Grass 3.29 
HOAF Howard Activity Field Short  Grass 6.66 
KOAF Kobbe Activity Field Short Grass 3.59 
ENFI Encampment Field Short Grass 9.43 
ALAF Allbrook Activity Field Short Grass 8.26 
LAPF Landfill Park Field Short Grass 5.14 
HODZ Howard Drop Zone Tall Grass 63.97 
COEI Costa del Este I Tall Grass 26.98 
VCBE Veracruz Beach Intertidal 14.30 
FABE Farfan Beach Intertidal 60.60 
FAMA Farfan Marsh Wetland ------- 
VVSA Victoria/Velasquez Spoil Area Wetland 46.80 
COEII Costa del Este II Wetland 41.49 
 
TABLE 2.  Description of sites used for ground surveys.  All sites were used for
habitat analysis except Farfan Marsh.  See FIGURE 2 for map of site locations.
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For birds believed to be within 30 and 100 m away, distances were estimated to the
nearest 10 m and for birds greater than 100 m away distances were estimated to the
nearest 50 m.
All ground transects were established between 16 and 20 August, 1997.  Sur-
veys of most ground sites were initiated by 23 August and continued until 6 November,
1997.  However, surveys of the Howard, Rodman, and Allbrook sites containing short-
grass fields were not initiated until 7 September, 1997.  All sites were surveyed twice
per week throughout the study period.
Capture and Banding Techniques
A shorebird banding station was established within the Costa del Este II site in
mid-August.  The specific location of the station was chosen to maximize the capture of
Western Sandpipers.  The site consisted of 3-5, 12 m black mist nets (37 mm mesh)
placed near a high-tide roost area.  Banding operations were conducted at night to
increase the effectiveness of the mist nets.  Nets were opened during the latter stages
of a rising tide to intercept birds as they flew from intertidal foraging areas to upland
roost sites.  Because tens of thousands of birds flew through the banding site, care was
taken to “control” the catch by opening the nets for only short periods of time until a
desired sample was reached.  Once captured, shorebirds were removed from nets and
housed in a temporary holding facility until they could be processed and released.  This
site was operated 1-3 times/wk from mid-August through early November.
Captured birds were fitted with a U.S. Fish & Wildlife Service tarsal band and
processed.  Morphometric data collected included wing chord (by wing ruler in mm
units), length of exposed culmen (by dial caliper in 0.1 mm units), length of tarsus (by
dial caliper in 0.1 mm units), and body mass (by spring scale in 0.5 gm units).  Age
class was determined by plumage according to criteria by Prater et al. 1977.  Gender in
Western Sandpipers was determined by length of exposed culmen.  All individuals with
culmen length < 24.2mm were considered males and all those with culmen length >
24.8mm were considered females (Page and Fearis 1971).
Mark-Resight Techniques
Turnover rate in Western Sandpipers was estimated using a standardized, mark-
resight technique.  All birds caught during a single day were “batch” marked using
permanent ink.  Ink was applied to the contour feathers of the breast, throat, and face
using a permanent ink marker.  Unique color combinations were used to designate
different cohorts of banded birds.  Over the course of the season, 12 color combina-
tions were used.
Surveys to resight marked birds were conducted throughout the high-tide roost
areas within the Costa del Este II field site.  Spotting scopes were used to scan birds
within high-tide roost areas for ink markings.  All marked birds detected were identified
to species and recorded according to specific color combinations.  In order to allow for
the calculation of a detection rate, the number of birds actually searched was esti-
mated.  Surveys for marked birds were conducted in 2-4 day intervals whenever pos-
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sible.  However, rain, windy conditions, and disturbance of roosting flocks by aerial
predators resulted in several incomplete surveys.
Data Compilation and Analysis
Population Estimation for Western Sandpiper - Changes in the detection rate of
marked birds over time was used as a coarse estimate of emigration rate.  Detection
rate was calculated as the number of marked birds (of a specific batch or color) divided
by the number of birds searched.  Detection rate was standardized as the number of
marked birds detected per 1,000 searched.  The detection rate of the first marked bird
count of a given batch or color was used as the standard for comparing all subsequent
counts.  Because a number of factors (e.g. number of birds marked varied between
colors, number of birds searched varied between counts) varied between batches and
counts a proportional comparison was used.  This was done by dividing the detection
rate on a given day by the detection rate on day one.  A simple linear regression was
then used to estimate the relationship between relative detection rate and time.  The
slope of the regression line was used as an estimate of the proportion of the population
leaving per day.  Detection rates were calculated for Western Sandpipers only.
The number of Western Sandpipers using the study area over the course of the
study period was estimated using a combination of the estimated emigration rate and
the approximately weekly population estimates from aerial surveys.  This was done by
first calculating daily population estimates from aerial surveys by interpolation.   The
accumulated seasonal estimate was then calculated by incorporating the emigration
estimate in increments of 1 day as follows:  accumulated population estimate for day 
n+1
= accumulate estimate for day 
n
 + (daily estimate for day
 n+1 - daily estimate for day n) +(daily estimate for day 
n
)(emigration rate).  Seasonal population estimate was for the
period between 15 August and 1 November.
Habitat-specific Density Estimation (ground surveys) - Waterbird density was
calculated differently according to the survey technique used.  For habitats where
visibility was high and total counts were used (intertidal and short grass), bird density
was calculated as the number of individuals detected divided by the area searched.
For habitats where visibility was low and variable-width transect surveys were used
(wetland and tall grass) detection distances were used to generate a species-specific
detection index and density was calculated assuming a 100 m wide transect (Emlen
1971).  All densities were standardized to birds/100 he.  Due to interspecific variation in
movement patterns etc., only peak density estimates were reported.
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RESULTS
Upper Bay Intertidal Zone
Intertidal Shorebirds –
Abundance - Aerial surveys within the intertidal zone resulted in the documentation of
an estimated 2,553,290 shorebird observations (see APPENDIX 4 for list of scientific
names of all waterbird species).  Shorebirds accounted for 94.2% of all waterbirds
observed along the aerial transect (TABLE 3, see APPENDIX 1a-1k for summary of
aerial survey results). Shorebird observations were dominated by small shorebirds
(90.7%) followed by large (6.0%) and medium (3.3%) sized shorebirds respectively.
Small shorebirds were dominated by Western Sandpipers, Semipalmated Sandpipers,
and Semiplamated Plovers (see “composition of small shorebirds” below).  Other small
shorebirds also known to utilize the intertidal zone included Sanderlings, Spotted Sand-
pipers, and Least Sandpipers.  Medium-sized shorebirds were dominated by Short-
billed Dowitchers and Black-bellied Plovers.
TABLE 3.  Peak counts and dates for the most common species of intertidal shorebirds.
Accumulated total refers to the sum of 12 surveys conducted (see APPENDIX 1a-1k for
summary of individual aerial surveys).  Totals for the three most common small shorebirds
are based on proportions derived from high-tide roost counts and captured birds (see meth-
ods section).  Peak estimates for the less common species result from spot counts.
Species/Group Peak Count Peak Date Accum. Total 
    
Total Small 359,939 10/25 2,316,456 
  Western Sandpiper 282,163 10/25 1,815,953 
  Semipalmated Sandpiper  47,147 10/25   303,430 
  Semipalmated Plover 30,592 10/25 196,883 
  Sanderling 55 9/27 ------- 
    
Total Medium 14,346 9/20 84,776 
  Short-billed Dowitcher 11,745 9/20 58,280 
  Black-bellied Plover 3,440 9/27 20,229 
  Red Knot 2,460 9/27 ------- 
  Ruddy Turnstone 28 11/1 ------- 
    
Total Large 19,001 9/20 152,049 
  Willet 12,413 10/4 93,466 
  Whimbrel 6,862 9/20 51,027 
  American Oystercatcher 403 9/5 2,176 
  Black-necked Stilt 100 8/15 ------- 
  Marbled Godwit 25 9/20 ------- 
    
Total Shorebirds 372,239 10/25 2,553,290 
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Other medium-sized shorebirds known to utilize the intertidal zone included Red Knots,
Ruddy Turnstones, Wilson’s Plovers, and Surfbirds.  Large-sized shorebirds were
numerically dominated by Willets and Whimbrels.  Other large-sized shorebirds ob-
served within the intertidal zone include American Oystercatchers, Black-necked Stilt,
Marbled Godwit, and Hudzonian Godwit.
Phenology - All of the abundant intertidal shorebirds exhibited a distinctive temporal
pattern of abundance within the upper Bay area (FIGURE 3).  Both medium and large
shorebirds were present in highest numbers during late September.  After late Septem-
ber, numbers declined suggesting that birds continued to move through the area.  It
seems likely that the study period did not enclose the entire window of movement for
small shorebirds.  The number of these birds continued to build for the entire study
period.
The abundant medium and large shorebird species showed similar temporal
patterns of occurrence within the upper Bay (FIGURES 4 and 5).  Numbers of both
Short-billed Dowitchers and Black-bellied Plovers peaked during the third week
ofSeptember and dropped sharply through October.  Numbers of Willets and Whim-
brels also peaked in late September but both species exhibited a relatively broad pe-
riod of peak occurrence from late August through mid-October.  The American Oyster-
catcher did not appear in numbers until late August, reached a peak in early Septem-
ber, and declined through early October.
Distribution - Collectively, shorebirds reached much higher densities within the intertidal
zone east of Panama City compared to the areas west of the city (FIGURE 6).  Al-
though the shoreline west of the city represented 20% of the aerial transect, it sup-
ported less than 3.5% of the shorebirds observed.  When considered collectively,
shorebirds east of Panama City, reached their highest concentration within the three 10
km shoreline segments closest to the city.  This relatively short segment of shoreline
supported more than 75% of all shorebirds observed.  During the peak survey in late
October, shorebirds within this 30 km segment reached average linear densities greater
than 10,000 birds/km.
Size classes of shorebirds were not all consistent in their distribution along the
aerial transect (FIGURE 7).  Small and medium sized shorebirds exhibited very similar
distributions and were highly concentrated within the 30 km segment east of Panama
City.  The two most abundant medium-sized shorebirds, Short-billed Dowitchers and
Black-bellied Plovers, were nearly identical in their spatial distribution (FIGURE 8).
Large-sized shorebirds were distinctly different in their use of space compared to either
small or medium-sized shorebirds (FIGURE 9).  Willets and Whimbrels showed very
similar distributions.  Both species were present along the entire shoreline but were
most concentrated near the beginning of the transect.  American Oystercatchers were
absent from large sections of shoreline.  This species was almost exclusively associ-
ated with sandflats (particularly sandflats surrounding the mouth of the Rio Bayano).
Composition of Small Shorebirds - The Western Sandpiper was the most abundant
small shorebird species detected within the intertidal zone.  Of greater than 485,000
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FIGURE 3.  Seasonal
pattern of abundance
for small, medium,
and large shorebirds
within the upper Bay
of Panama.  Data
were complied from
aerial surveys.  Small
shorebirds are prima-
rily composed of
Western Sandpipers,
Semipalmated Sand-
pipers, and Semipal-
mated Plovers.  Me-
dium shorebirds are
primarily composed
of Short-billed Dow-
itchers and Black-
bellied Plovers.  Large
shorebirds are prima-
rily composed of
Willet, Whimbrel, and
American Oyster-
catchers.
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FIGURE 4.  Seasonal pattern of abundance for Short-billed Dowitcher and Black-bellied Plover
within the upper Bay of Panama.  Data were compiled from aerial surveys.
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FIGURE 5.  Seasonal
pattern on abundance
for Willet, Whimbrel,
and American Oyster-
catcher within the
upper Bay of Panama.
Data were compiled
from aerial surveys.
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FIGURE 6.  Distribution of shorebirds along aerial transect within the upper Bay of Panama.
Each shoreline segment is 10 km in length.  Segments are ordered east to west.  See FIGURE 1
for map of aerial transect and location of respective shoreline segments.  Data presented reflects
summary of all aerial surveys.  See APPENDIX 1a-1k for distribution data from individual sur-
veys.
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FIGURE 7.
Distribution of shore-
birds by size class
along aerial transect
within the upper Bay
of Panama.  Each
shoreline segment is
10 km in length.
Segments are ordered
east to west.  See
FIGURE 1 for map of
aerial transect and
location of respective
shoreline segments.
Data presented
reflects summary of
all aerial surveys.  See
APPENDIX 1a-1k for
distribution data from
individual surveys.
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FIGURE 8.  Distribution of Short-billled Dowitchers and Black-bellied Plovers along aerial
transect within the upper Bay of Panama.  Each shoreline segment is 10 km in length.  Segments
are ordered east to west.  See FIGURE 1 for map of aerial transect and location of respective
shoreline segments.  Data presented reflects summary of all aerial surveys.  See APPENDIX 1a-
1k for distribution data from individual surveys.
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FIGURE 9.
Distribution of
Willets, Whimbrels,
and American Oyster-
catchers along aerial
transect within the
upper Bay of Panama.
Each shoreline seg-
ment is 10 km in
length.  Segments are
ordered east to west.
See FIGURE 1 for
map of aerial transect
and location of
respective shoreline
segments.  Data
presented reflects
summary of all aerial
surveys.  See AP-
PENDIX 1a-1k for
distribution data from
individual surveys.
19
small shorebirds surveyed during the course of 20 high-tide roost area (Costa del Este
II site) counts, an average of 8.5% (range from 0.5 - 16.2 %) were Semiplamated Plo-
vers.  Of more than 1,350 Western and Semipalmated Sandpipers captured within the
high-tide roost area, an average of 13.1% (range from 7.1 - 20.8%) were Semipalmated
Sandpipers.  Collectively, these estimates suggest that small shorebirds utilizing the
intertidal zone were composed of 79.5% Western Sandpipers, 12.0% Semipalmated
Sandpipers, and 8.5% Semiplamated Plovers (see TABLE 3 for peak estimate).  In
addition to these species, Sanderling, Least Sandpipers, and Spotted Sandpipers were
also detected in the intertidal zone.  These species were typically associated with the
relatively few intertidal sand flats included in the transect and are believed to account
for less than 1% of the total number of small shorebirds detected.
Western Sandpiper -
Seasonal Population Estimate - Twenty-two surveys for marked birds were conducted
within the Costa del Este high-tide roost site.  Of 947 individuals that were marked with
ink, a minimum of 228 (24.1%) were subsequently detected (minimum estimate reflects
the sum of highest individual counts of respective color combinations).  Over the course
of the field season, a total of 419,270 birds were scanned for color markings.  Among
these birds, a total of 557 observations of marked birds were recorded, resulting in an
overall detection rate of 1.33 birds/1000.  The detection rate for marked birds declined
with days since marking for all color combinations.  When all color combinations are
examined collectively (FIGURE 10), the average detection rate declines significantly (r2
= 0.68, p < 0.001) with time.  The relationship between detection rate and days sug-
gests that marked birds are disappearing at a rate of 4%/day.  This emigration rate
suggests an average residency period of about 12 d.
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FIGURE 10.
Relationship between
detection rate of
marked birds and time
in days.  Data from all
color combinations are
presented.  Estimated
daily emigration rate is
4%.
Although 286,122 was the peak number of Western Sandpipers estimated during
a single aerial survey, much larger numbers appear to have used the study area during
the course of the migration season.  Using an average emigration rate of 4% along with
the estimates of Western Sandpipers from aerial transects, the number of individuals
expected to have used the study area over the fall period is approximately 1,100,000
(FIGURE 11).
Population Structure - Western Sandpipers utilizing the study area were dominated by
adult females.  Of 1,035 individuals for which sex and age were known, more than 90%
were adults and nearly 80% were females (FIGURE 12).  In addition to differences in
abundance, age and sex classes differed in the timing of their appearance within the
study area (FIGURES 13a-13b).  Adult females were numerically dominant in the upper
Bay over the entire study period.  Adult males were present during August and Septem-
ber but their relative frequency doubled after mid-October.  Hatching-year birds of both
sexes did not appear in the study area in significant numbers until October.
Intertidal Seabirds -
Abundance - Aerial surveys resulted in the documentation of an estimated 158,507
large waterbirds.  Collectively, these birds represented only 5.9% of aerial observa-
tions.  Large waterbird numbers were dominated by Neotropic Cormorants (39.6%),
Brown Pelicans (26.6%), and Laughing Gulls (22.1%) (TABLE 4, see APPENDIX 1a-1k
for a summary of aerial surveys).  Intertidal, long-legged waders included 13 different
species but accounted for only 7.5% of the total observations.
FIGURE 11.
Accumulated
population esti-
mate of Western
Sandpipers using
the upper Bay of
Panama during the
study period.  See
methods section
for description of
calculations used.
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FIGURE 12.
Relative abundance of
age and sex classes for
Western Sandpipers
captured at the Costa
del Este II field site.
Values present repre-
sent the total number
captured during the
fall.
Species/Group Peak Count Peak Date Accum. Total 
    
Neotropic Cormorant 8,884 11/1 62,786 
Brown Pelican 6,739 10/13 42,147 
Laughing Gull 7,157 9/27 35,106 
Waders 2,849 9/20 11,829 
Black Skimmer 560 9/5 2,995 
All Terns 1,030 10/25 1,945 
Magnificent Frigatebird 211 8/22 1,101 
Roseate Spoonbill 164 9/20 ------- 
Wood Stork 24 9/20 ------- 
    
Total Waterbirds 19,516 9/27 158,507 
 
TABLE 4:  Peak counts and dates for the most common species of intertidal seabirds.  Accumu-
lated total refers to the sum of 12 surveys conducted (see APPENDIX 1a-1k for summary of
individual aerial surveys).  Peak estimates for Roseate Spoonbill and Wood Stork result from spot
counts.
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FIGURE 13.  Temporal pattern in a) sex ratios and b) age rations for Western Sandpipers cap-
tured at the Costa del Este II field site.
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Phenology - Patterns of phenology were erratic and varied among the most abundant
groups of seabirds (FIGURE 14).  Neotropic Cormorants and Brown Pelicans exhibited
an erratic but generally increasing pattern throughout the study period.  Waders and
Black Skimmers were also erratic but exhibited a generally decreasing pattern through-
out the study period.  Laughing Gulls increased to a peak in late September and then
declined throughout October.
The erratic nature of the temporal patterns for cormorants, pelicans, waders, and
skimmers may be an artifact of when in the tidal cycle surveys were conducted (see
methods).  These species tend to be roosting during the later stages of an incoming
tide.  Cormorants and Pelicans tend to roost during low tide periods and move out to
forage over the tidal flats once they are inundated.  Waders forage during low tide but
move to roost areas or to alternate foraging habitats in the early stages of the incoming
tide.  Laughing Gulls showed a temporal pattern similar to those of shorebirds.  This
seabird species migrates into the upper Bay and utilized the intertidal area in a manner
similar to shorebird species.
Distribution - When compared to shorebirds, seabirds were more widely distributed
along the aerial transect (FIGURE 15).  Neotropic Cormorants, Brown Pelicans, and
Laughing Gulls were all widely distributed but appear to avoid the sandflats surround-
ing the mouth of the Rio Bayano.  Similar to oystercatchers, the Black Skimmers were
highly associated with the sandflats.  In general, seabirds exhibited more variation in
distribution than shorebirds (FIGURE 16).
Habitats within the Canal Zone and Vicinity
General Bird Abundance - Ground surveys within the canal zone and vicinity resulted
in the documentation of 32,534 observations of 60 waterbird species (see APPENDIX 2
for summary of species observed by field site).  Waterbirds included shorebirds (31
species), waders (14 species), waterfowl (3 species), rails and allies (5 species), and 8
other miscellaneous species.  Overall, shorebirds were the most abundant group of
species accounting for 78.8% of all observations followed by waders (9.0%), others
(6.6%), waterfowl (5.4%), and rails (0.2%).
The four general habitat categories considered were not equal in terms of the
numbers and types of waterbirds supported (TABLE 5).  Wetland habitats supported
more than twice as many waterbirds as the other three habitats combined.  Wetland
habitats also supported the greatest number of species followed by intertidal, tall grass,
and short grass.  However, all habitats supported species complexes that were unique
or nearly unique to them.
Short Grass - Compared to other habitats, short grass supported the fewest species of
waterbirds (TABLE 5).  Species observed within short grass were confined to shore-
birds and waders.  However, shorebirds accounted for 94.7% of all birds detected.
Many of the species of shorebirds and waders utilized short grass patches as alternate
habitats (TABLE 6).  These “facultative users” were most frequently observed after
heavy rains when the ground was soft and there were rain pools available.  A relatively
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FIGURE 14.
Seasonal pattern of
abundance for se-
lected waterbirds
within the upper Bay
of Panama.  Data
were compiled from
aerial surveys.
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FIGURE 15.  Distribution of waterbirds along aerial transect within the upper Bay of Panama.
Each shoreline segment is 10 km in length.  Segments are ordered east to west.  See FIGURE 1
for map of aerial transect and location of respective shoreline segments.  Data presented reflects
summary of all aerial surveys.  See APPENDIX 1a-1k for distribution data from individual sur-
veys.
26
FIGURE 16.
Distribution of se-
lected waterbirds
along aerial transect
within the upper Bay
of Panama.  Each
shoreline segment is
10 km in length.
Segments are ordered
east to west.  See
FIGURE 1 for map of
aerial transect and
location of respective
shoreline segments.
Data presented
reflects summary of
all aerial surveys.  See
APPENDIX 1a-1k for
distribution data from
individual surveys.
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small guild of species utilizes short grass as a primary habitat.  These species include:
Buff-breasted Sandpiper, Pectoral Sandpiper, Baird’s Sandpiper, Upland Sandpiper,
and Cattle Egret.  Other species that utilize short grass as an important secondary
habitat include : Whimbrel, Yellowlegs spp., Collared Plover, Least Sandpiper, and
White Ibis.
Tall Grass - Compared to short grass, tall grass habitat supported more species but
fewer individuals and an overall lower density of birds (TABLE 5).  In contrast to short
grass, waders represented a much more significant portion of the observations in tall
grass.  As was the case in short grass, many of the species utilized tall grass as alter-
nate habitat and were most abundant around standing water following heavy rains.
Species that reached their highest densities in this habitat include Upland Sandpiper,
Pectoral Sandpiper, Common Snipe, and Cattle Egret (TABLE 6).  For species that are
associated with dense vegetation for cover, tall grass habitat appears to be similar to
tall emergent wetland vegetation.  Species that shared these two habitats include
Green-backed Heron, Wattled Jacana, and Sora.
Intertidal - Of those habitats considered in ground surveys, the intertidal flats west of
Panama City supported the second highest density and diversity of waterbirds.  The
number of species and individuals were both dominated by shorebirds and waders
(TABLE 5).  Shorebirds were dominated by Least Sandpipers, Willets, Whimbrels,
Semipalmated Plovers, Western Sandpipers, Wilson’s Plovers, and Black-bellied Plo-
vers (TABLE 6).  Waders were dominated by Little Blue Herons, Yellow-crowned Night-
herons, Great Egrets, Snowy Egrets, Tricolored Herons, and White Ibis.  Brown Peli-
cans and Neotropic Cormorants roosted within the intertidal zone during low tide and
were exclusive to this habitat type.  Great Egrets, Tricolored Herons, and Ruddy Turn-
stones reached their highest densities in this habitat.
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Bird Group Short Grass Tall Grass Intertidal Wetland Total 
 
     
Shorebirds 2,101  (94.7%) 574  (46.2%) 4,667  (68.2%) 18,288  (85.2%) 25,638  (78.8%) 
 
     
Waders 119  (5.3%) 601  (48.4%) 1,246  (18.2%) 943  (4.3%) 2,909  (9.0%) 
 
     
Waterfowl 0 65 (5.2%) 0 1,703  (7.7%) 1,768  (5.4%) 
 
     
Rails and 
Allies 
0 2 (0.2%) 0 60  (0.3%) 62  (0.2%) 
 
     
Others 0 0 927  (13.6%) 1,230  (5.5%) 2,157  (6.6%) 
 
     
Total 2,228  1,242  6,840  22,224  32,534  
TABLE 5.  Summary of ground surveys by habitat type and taxonomic group (see APPENDIX 2
for summary by field site.)
 SHORT GRASS TALL GRASS INTERTIDAL WETLAND 
SPECIES DAYS MAX DATE DAYS MAX DATE DAYS MAX  DATE DAYS MAX  DATE 
Least Grebe ------- ------- ------- ------- ------- ------- ------- ------- ------- 17 7.99 9/16 
Pied-billed Grebe ------- ------- ------- ------- ------- ------- ------- ------- ------- 8 3.20 9/7 
Brown Pelican ------- ------- ------- ------- ------- ------- 22 276.37 10/16 ------- ------- ------- 
Neotropic Cormorant ------- ------- ------- ------- ------- ------- 20 48.06 9/3 ------- ------- ------- 
Anhinga ------- ------- ------- ------- ------- ------- ------- ------- ------- 1 * 9/14 
Great Blue Heron ------- ------- ------- ------- ------- ------- 6 4.01 10/27 4 4.46 10/20 
Cocoi Heron ------- ------- ------- ------- ------- ------- ------- ------- ------- 1 2.98 9/14 
Great Egret  11 3.27 10/16 18 15.39 10/20 22 24.03 10/20 22 22.32 10/2 
Snowy Egret 11 6.55 10/6 11 9.90 9/9 22 16.02 9/22 19 25.30 10/20 
Little Blue Heron 17 8.18 11/6 22 27.84 10/27 22 34.71 11/6 22 47.27 10/16 
Redish Egret ------- ------- ------- ------- ------- ------- 2 1.34 9/3 ------- ------- ------- 
Tricolored Heron ------- ------- ------- ------- ------- ------- 17 14.69 9/22 5 2.98 10/14 
Cattle Egret 12 36.01 9/23 19 40.68 10/29 ------- ------- ------- 3 4.46 9/2 
Green-backed Heron ------- ------- ------- 11 16.24 9/14 14 2.67 8/23 12 28.31 9/24 
Black-crowned Night-heron ------- ------- ------- 1 * 8/25 1 4.01 9/29 2 * 8/25 
Yellow-crowned Night-heron ------- ------- ------- 5 4.25 9/24 22 30.71 9/8 22 116.30 9/22 
White Ibis 9 14.73 9/24 ------- ------- ------- 22 10.68 8/25 9 28.28 10/20 
Green Ibis ------- ------- ------- ------- ------- ------- ------- ------- ------- 2 * 8/25 
Wood Stork ------- ------- ------- ------- ------- ------- 1 1.34 10/8 1 2.98 10/14 
Black-bellied Whistling Duck ------- ------- ------- ------- ------- ------- ------- ------- ------- 20 300.37 10/27 
Blue-winged Teal ------- ------- ------- 4 13.19 10/2 ------- ------- ------- 17 156.57 9/29 
Cinnamon Teal ------- ------- ------- 2 8.80 11/3 ------- ------- ------- 8 17.57 10/27 
Gray-necked Wood-rail ------- ------- ------- ------- ------- ------- ------- ------- ------- 2 * 10/22 
White-throated Crake ------- ------- ------- ------- ------- ------- ------- ------- ------- 2 * 10/8 
Sora ------- ------- ------- 2 12.46 10/1 ------- ------- ------- 7 170.6 11/6 
Purple Galinule ------- ------- ------- ------- ------- ------- ------- ------- ------- 14 14.7 9/30 
Common Moorhen ------- ------- ------- ------- ------- ------- ------- ------- ------- 3 * 10/22 
 
 
 
 
TABLE 6.  Peak density estimates and date for species detected during ground surveys by habitat type.  Density
is expressed as birds/100 ha (see methods section for method of calculation).  Days refers to the number of days
species detected within each habitat.  Total number of survey days equals 22.  Asterix indicates species for
which detection index could not be calculated due to low sample.
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 SHORT GRASS TALL GRASS INTERTIDAL WETLAND 
SPECIES DAYS MAX DATE DAYS MAX DATE DAYS MAX  DATE DAYS MAX  DATE 
Black-bellied Plover 3 91.65 10/1 ------- ------- ------- 22 30.71 9/8 13 299.15 8/23 
American Golden Plover 2 1.64 9/23 ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Collared Plover 6 49.10 10/1 2 1.10 9/7 1 1.34 9/14 12 56.56 9/22 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- 22 298.18 10/20 
Wattled Jacana ------- ------- ------- 16 18.86 9/7 ------- ------- ------- 22 93.88 9/9 
Yellowlegs Spp. 9 27.82 10/1 9 7.70 9/24 18 12.02 9/22 22 97.45 10/20 
Solitary Sandpiper 5 8.18 9/22 14 24.57 9/24 ------- ------- ------- 14 96.82 9/7 
Willet 8  9/22 4 2.20 9/24 22 110.81 11/6 22 148.83 10/1 
Spotted Sandpiper 13 9.82 10/1 21 36.77 9/22 22 25.37 9/22 22 96.61 9/14 
Upland Sandpiper 9 22.91 10/1 17 111.94 9/29 ------- ------- ------- ------- ------- ------- 
Whimbrel 20 134.21 10/1 8 2.29 9/9 22 82.78 11/6 22 215.81 8/25 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- 5 23.81 8/25 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- 12 9.35 9/7 3 * 9/8 
Surfbird ------- ------- ------- ------- ------- ------- 1 6.68 10/16 ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- 2 23.81 9/16 
Semipalmated Sandpiper 3   ------- ------- ------- 9 9.35 10/20 20 218.78 9/22 
Western Sandpiper 3   3 6.60 10/2 17 58.74 9/29 22 453.94 9/29 
Least Sandpiper 8 338.79 10/1 12 70.71 10/16 22 142.86 9/14 22 1792.20 9/22 
White-rumped Sandpiper ------- ------- ------- ------- ------- ------- ------- ------- ------- 4 * 10/2 
Baird’s Sandpiper 9 21.28 10/1 1 * 9/24 ------- ------- ------- 2 * 9/14 
Pectoral Sandpiper 14 80.20 10/16 10 161.40 10/16 ------- ------- ------- 6 58.15 9/2 
Stilt Sandpiper ------- ------- ------- ------- ------- ------- ------- ------- ------- 2 * 8/25 
Buff-breasted Sandpiper 14 140.75 10/1 ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Short-billed Dowitcher 3 50.74 10/1 ------- ------- ------- 8 8.01 9/16 15 83.34 9/3 
Common Snipe ------- ------- ------- 6 67.97 11/3 ------- ------- ------- ------- ------- ------- 
Wilson’s Phalarope ------- ------- ------- ------- ------- ------- ------- ------- ------- 13 22.32 10/8 
Laughing Gull ------- ------- ------- ------- ------- ------- 6 32.04 9/3 15 511.26 9/16 
Band-tailed Gull ------- ------- ------- ------- ------- ------- 1 1.34 9/24 ------- ------- ------- 
 
 
 
TABLE 6.  Continued.
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 Wetland - Wetland habitats supported the highest number of both species and indi-
viduals and the highest overall bird density of the four habitats examined.  Wetlands
were the exclusive habitat of 14 species and the dominant habitat for an additional 26
species.  This suggests that wetlands are the primary habitat for 2/3 of all the species
detected during ground surveys.  The number of species and individuals within wet-
lands were dominated by shorebirds (TABLE 5).  Shorebirds were dominated by Least
Sandpiper, Western Sandpiper, Black-bellied Plover, Black-necked Stilt, Semiplamated
Sandpiper, Semipalmated Sandpiper, Whimbrel, and Willet (TABLE 6).  Waders were
dominated by Yellow-crowned Night-heron, Little Blue Heron, Green-backed Heron,
White Ibis, Snowy Egret, and Great Egret.  All of the waterfowl and rail species reached
their highest densities in this habitat.  Within wetlands, birds reached their highest
diversity and densities within open water and short emergent vegetation.  Lower num-
bers of birds were associated with exposed mud and tall emergent vegetation.
Temporal Patterns - Temporal patterns of abundance from ground surveys were highly
variable and species-specific (see APPENDIX 3 for species patterns).  Most of the
common intertidal species showed similar temporal patterns from ground surveys as
were reported from aerial surveys.  Remaining species included some that showed no
discernable temporal pattern (e.g. Great Egret, Snowy Egret, Black-necked Stilt), some
species that appear to move through the area in early fall (e.g. Southern Lapwing,
Solitary Sandpiper, Stilt Sandpiper), many that moved through the area in mid fall (e.g.
Laughing Gull, Upland Sandpiper, Buff-breasted Sandpiper, Wilson’s Phalarope), and
some that moved through the area late in the fall (e.g. Cinnamon Teal, Sora, Common
Snipe).
Observations of Individual Species
Least Grebe - Observations of this species were restricted to the Victoria-Velasquez
Spoil Area.  A high number of 8 individuals was recorded on 25 August.  All observa-
tions were of birds on small open ponds bordered by dense vegetation.  A single pair
was resident on one of the vegetated ponds for the entire study period.  Three small
chicks were observed with the pair for the first time on 8 September.
Pied-billed Grebe - As with the Least Grebe, observations of this species were re-
stricted to the small, deep water ponds on the Victoria-Velasquez Spoil Area.  No more
than 2 individuals were observed during any survey.  No observations of this species
were made after 24 September.
Laughing Gull - This species was abundant within the intertidal zone with flocks of
several hundred frequently observed.  A high count of 7,157 was recorded during an
aerial survey conducted on 27 September.  Highest numbers were observed between
mid September and mid October.  Birds were most numerous within mangrove lined
bays and coves particularly near the beginning of the transect, around the Juan Diaz
area, and near the end of the transect west of Playa Leona.  Birds often numbering in
the hundreds roosted within the Costa del Este II site.  Birds also roosted with shore-
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birds in the open flats along the impoundment at the Victoria-Velasquez Spoil Area
where a high of 320 was recorded on 16 September.
Gray Gull - A single individual was observed over a three week period at the Costa del
Este II site.  This individual would come in with the tide to roost with Laughing Gulls.
What was believed to be the same individual was observed just east of Juan Diaz on
an aerial survey.
Band-tailed Gull - A single individual was observed on 24 September at Veracruz
Beach.  This bird was initially flushed from rocks with a flock of Common Terns, Laugh-
ing Gulls, and Brown Pelicans.  The bird circled several times and appeared to forage
in surf around the base of rocks.
Gull-billed Tern - This species was seen regularly throughout the study period.  Birds
were typically seen in small flocks often mixed with other terns.  Birds were also ob-
served roosting with shorebirds within the high-tide roost area at Costa del Este II.  A
high count of 13 was made on 9 September.
Royal Tern - This species was common throughout the study period within the intertidal
zone.  A high count of 1,030 was recorded during an aerial survey conducted on 25
October.  Most birds were observed along the intertidal flats east of Panama City with
concentrations near the beginning of the transect and around the Juan Diaz area.
Common Tern - This species was regularly observed along the waterline throughout
the study period.  Birds were typically in flocks of 5 to 25.  A foraging flock of 60 was
recorded at Veracruz Beach on 16 October and similar groups were there at other
times.  Three individuals were captured at night while foraging in wetland at Costa del
Este II field site.
Least Tern - This species was observed irregularly throughout the study period.  Al-
though occasionally observed flying along the waterline, most observations were of
birds roosting with shorebirds in the high tide roost area at Costa del Este II site.  A
high count of 18 was recorded there on 23 October.
Black Tern - As with the Least Tern, this species was observed occasionally throughout
the study period.  Most birds were observed roosting with shorebirds within the high
tide roost area at Costa del Este II site.  A high count of 16 was recorded there on 7
September.  Birds in early September showed evidence of ongoing prebasic molt.
Black Skimmer - Observed primarily along remote beaches on aerial surveys.  A high
count of 560 was recorded during a survey conducted on 5 September.  Most birds
observed along the sandy deposits surrounding the mouth of the Rio Bayano.  How-
ever, flocks were observed on several occasions just east of Juan Diaz.  Numbers also
observed in early August around Punta Chame while conducting reconnaissance flight.
Small numbers of birds were observed on two occasions foraging at night in wetlands
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at the Costa del Este II site.  Birds were present throughout the study period.
Anhinga - Habitats investigated during this study are not typical of this species.  Con-
sequently few individuals were detected.  All observations except 1 were of birds using
Farfan Marsh.  Birds were observed at this site during nearly every survey with a high
of 3 individuals recorded on two occasions.  The remaining observation was of a single
bird on one of the small, deep ponds at the Victoria-Velasquez Spoil Area.
Neotropic Cormorant - This species was abundant within the intertidal zone.  A high
count of 8,884 was recorded from an aerial survey conducted on 1 November.  As with
the Brown Pelican, this value significantly underestimates the local population.  Large
roosts were regularly observed in several locations including Juan Diaz.  Birds were not
detected on ground surveys except for relatively small numbers of birds roosting on the
rocks within intertidal sites.
Brown Pelican - This species was abundant within the intertidal zone.  A high count of
6,739 was recorded from an aerial survey conducted on 13 October.  However, this
value significantly underestimates the local population.  Only those birds within the
intertidal zone or roosting along the outer edge of mangroves could be surveyed.  Many
birds were observed in flocks offshore and large roosts occurred just inland of the
shoreline.  Significant roosts were regularly observed near the beginning of the
transect, near the mouth of the Rio Bayano, around Juan Diaz, and on small offshore
islands.  Birds were not detected on ground surveys except for relatively small numbers
of birds roosting on the rocks within intertidal sites.  From aerial surveys, an influx of
young of the year birds occurred after mid October.
Magnificent Frigatebird - This species was common along the intertidal zone.  A high
count of 211 was recorded during an aerial survey conducted on 22 August.  Even more
than Brown Pelicans and Neotropic Cormorants, this number underestimates the local
population.  Large numbers of frigatebirds were observed offshore, particularly in asso-
ciation with small offshore islands.  Greater than 50% of birds observed were in the last
shoreline segment around Playa Leona where birds regularly roosted on nearby is-
lands.
Black-bellied Whistling Duck - This species was common within appropriate habitats.
During ground surveys, birds were only detected within wetland habitats where they
used open water.  Most of the birds detected were in the Victoria-Velasquez Spoil Area
where they frequently roosted along the margins of ponds.  A high of 181 was recorded
here on 27 October.  Two different pairs with broods were also detected on ponds at the
spoil area.  Within the study area, numbers steadily increased throughout October.
This increase reflects movement of both young and adults into wetland sites.  In late
October 40% of birds were estimated to be young of the year.  This species was also
detected occasionally along the shoreline while conducting aerial surveys.
Blue-winged Teal - This species was the most abundant duck observed during the
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study period.  Blue-wings were most common in wetland habitats where they used
shallow ponds and open water, as well as, shallow water with short emergent vegeta-
tion.  This species was also regularly detected within tall grass patches where they
foraged in extensive rain pools.  From ground surveys, birds appear to arrive in num-
bers in early September.  Flocks of 40-50 were occasionally flushed from channels out
in mudflats during aerial surveys.
Cinnamon Teal - In winter plumage, this species may be extremely difficult to separate
from the Blue-winged Teal.  Identification requires examination at close range which is
often times difficult to achieve.  Ridgely and Gwynne (1989) classify this species as a
rare winter visitor.  From our observations, it appears that this species has been over-
looked within flocks of Blue-winged Teal due to its similarity of appearance.  What
makes separation more difficult is the apparent preponderance of females.
This species was fairly common within appropriate habitat during the study
period.  Birds occurred within flocks of the more common Blue-winged Teal in shallow
open ponds and in shallow water with emergent vegetation.  Migration appears to be
later than in the Blue-winged Teal with birds beginning to arrive in the study area in
early October and building through October and early November.  In late October,
selected flocks of teal inspected at close range contained 20-30% Cinnamon Teal.
Northern Shoveler - This species was rare during the study period.  A single female
was detected within a small flock of teal in shallow water at the Costa del Este II field
site.
Roseate Spoonbill - This species was not detected within any of the ground field sites.
However, 3-8 individuals were seen on a number of occasions foraging within the
intertidal zone adjacent to the Costa del Este II site.  Birds were observed along the
aerial transect throughout the study period but could not be tallied during every flight.
The majority of birds were concentrated within the first 20 km of the transect (2 seg-
ments west of Rio la Maestra) and the last 10 km (segment around Playa Leona).  Most
birds were associated with small coves and bays lined with mangroves.  A count of 164
was recorded on 20 September.
White Ibis - This species was primarily associated with the intertidal zone where it was
detected during every survey.  Birds were also observed consistently on short grass
fields where they foraged for insects and earth worms.  No birds were detected during
transect counts at the Costa del Este II wetland site.  Birds observed at the Victoria-
Velasquez Spoil Area were detected at high tide and believed to originate from the
intertidal areas around the canal entrance.  As with the Little Blue Heron, a portion of
the birds early in the season were molting from subadult to adult plumage.
Green Ibis - This species was very uncommon during the study period.  During formal
surveys, individuals were only observed at the Victoria-Velasquez Spoil Area.
Sightings included 4 individuals on 25 August and 1 on 7 September.  Birds observed
were foraging in emergent vegetation along the edges of open ponds.  In late August, 2
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individuals were observed foraging in shallow water at the Costa del Este II site.
Glossy Ibis - A single group of 6 individuals was observed foraging in shallow water at
the Costa del Este II wetland site.  The group was observed 3 times over a 5-day pe-
riod.
Wood Stork - This species was uncommon during the study period.  Two individuals
were observed at the Victoria-Velasquez Spoil Area on 8 October.  A single individual
was observed in the intertidal zone at Farfan Beach also on 8 October.  As many as 3
birds were observed along channels in the intertidal zone adjacent to the Costa del
Este II site on a number of occasions.  Several birds were observed near the west edge
of the extensive mangrove forest at the beginning of the aerial transect during most
surveys.  A high of 24 birds were observed at this location on 20 September.  Birds at
this site were nearly always around the same cluster of supercanopy trees suggesting
possible breeding.  However, nests were never observed.
Great Blue Heron - This species was generally uncommon during the study period.
The majority of observations were made in the Farfan area.  Single birds were ob-
served here on nearly 50% of surveys with most birds seen foraging along small chan-
nels in the intertidal zone.  Two birds were seen here on three different occasions.  This
species was also observed at both wetland sites.  A high count of 3 was recorded at the
Victoria-Velasquez Spoil Area on 20 October.  Only single individuals were detected at
the Costa del Este II site.  Scattered birds were detected along aerial surveys but no
attempt was made to collect data on separate wader species.  From ground surveys,
most observations were made after September.
Cocoi Heron - This species was very uncommon around the canal zone during the
study period.  Two individuals were observed along one of the small ponds at the
Victoria-Velasquez Spoil Area on 14 September.  A single individual was observed 3
times at the Costa del Este field site in late September.  Individuals were rarely flushed
from the intertidal during aerial surveys.  A colony of 24 pairs was detected in the
extensive mangrove forest just west of the mouth of the Rio la Maestra at the beginning
of the aerial transect.  Nests were placed in the tallest trees along an elevated ridge in
the forest allowing easy crown access.
Great Egret - This species was the third most abundant wader observed during ground
surveys and showed a wide range of habitat use.  Individuals were observed during
every survey for both wetland and the intertidal habitats.  A high count of 16 was made
on 20 October at Farfan Beach.  Smaller numbers were also consistently observed on
short and tall grass patches where they congregated around rain pools and wet ditches.
Snowy Egret - This species was common during ground surveys and, like the Great
Egret, used a wide range of habitats.  Individuals were observed during all surveys of
Farfan Beach and nearly all wetland surveys.  Individuals were also observed during
50% of surveys of tall and short grass habitats.  Although no attempt was made to
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separate waders during aerial surveys, Snowy Egrets were one of the most abundant
species flushed from aerial transects.
Reddish Egret - Two observations of what is believed to be a single individual were
made on 3 and 24 September at Farfan Beach.  On both occasions, bird was observed
stalking and giving characteristic foot stamping behavior around channel from Farfan
Marsh.
Tricolored Heron - The large majority of individuals observed were in intertidal habi-
tats during low-tide periods.  Birds were detected during nearly all surveys of Farfan
Beach where a high count of 11 was recorded on 22 September.  Birds in this habitat
would stalk along channels and across the open flat surface and dash to capture fiddler
crabs and other prey.  Birds were also detected during 5 surveys along wetland
transects in the Costa del Este II site.
Little Blue Heron - This species was the second most abundant wader detected during
ground surveys.  Highest densities were recorded in wetlands followed by intertidal, tall
grass, and short grass.  Like most other waders, birds observed in grass sites were
associated with rain pools and wet ditches.  Like the Snowy Egret, this species was
flushed from intertidal flats in large numbers during aerial surveys.  From ground sur-
veys, numbers in the study area appear to have increased throughout October and
early November.  Early in the fall season, birds in juvenile plumage were molting into
adult plumage.  This molt continued through the season and was mostly complete by
early to mid October such that nearly all birds observed were in full adult plumage.
From mid October through early November, a significant invasion of birds in full juvenile
plumage occurred.
Cattle Egret - This species was almost exclusively associated with grassland habitats.
The majority of individuals were observed within tall grass patches particularly in asso-
ciation with large rain pools where they foraged for amphibians and insects.  However,
Cattle Egrets were one of the only waders that continued to forage in tall and short
grass patches during dry periods.  During such periods they foraged systematically
around the bases of grass clumps for grasshoppers and other insects.  On rare occa-
sions, this species was observed with other waders in wetland patches.
Green-backed Heron - This species was observed in wetland, intertidal, and tall grass
habitats where individuals were detected during 50% of surveys conducted.  Highest
densities were detected in wetlands where they forage in shallow water with emergent
vegetation or along the margins of open water ponds.  Within the intertidal areas indi-
viduals were typically observed along the upper margins of flats where they feed on
amphipods and small fiddler crabs.  Birds in tall grass patches were associated with
rain pools and wet ditches were they feed on amphibians and insects.  Green-backs
tend to occur individually and do not typically associate with other waders.  From
ground surveys, this species appears to occur in largest numbers during the first three
weeks of September.
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Black-crowned Night-heron - This species appeared to be uncommon during the
study period but may have been underepresented due to nocturnal habits.  Observa-
tions of few birds were in wetland and intertidal habitats. Three individuals were re-
corded at Farfan Beach on 29 September.  Remaining observations were of single
birds.  Black-crowns were flushed from intertidal flats on only a few occasions.
Yellow-crowned Night-heron - This species was the most abundant wader observed
during ground surveys.  Yellow-crowns were almost exclusively associated with wetland
and intertidal habitats where birds were detected during all surveys.  Densities were
greatest along the transects at the Costa del Este II site where a high count of 44 was
recorded on 22 September.  A high of 23 were observed at Farfan Beach on 8 Septem-
ber.  All individuals detected at the tall grass site at Costa del Este I were foraging in
wet ditches.
Gray-necked Wood-rail - Only 3 observations of this species were made during
ground surveys.  All observations were of birds emerging from dense vegetation and
foraging along the edge of shallow water within the Victoria-Velasquez Spoil Area.  This
species is extremely secretive and the few observations may not accurately reflect local
abundance.
White-throated Crake - A total of four observations of this species were made along
transects through the extensive stand of marsh vegetation within the Victoria-Velasquez
Spoil Area.  This species is secretive and the low number of observations may not
accurately reflect local abundance.  No attempt was made to conduct night surveys of
calling birds.
Sora - This species was fairly common within appropriate habitat.  The majority of
observations were of birds flushed from medium to tall marsh vegetation within the
Victoria-Velasquez Spoil Area and the Costa del Este II site.  A high of 5 individuals
were flushed along the transect at the Victoria-Velasquez Spoil Area on 6 November.
Relatively few individuals were also flushed from transects in tall grass patches.  From
ground surveys, Soras first appeared in late September but did not arrive in numbers
until late October.  It is likely that numbers continued to build after the end of the study
period.
Purple Gallinule - This species was only detected within the Costa del Este II site
where birds were observed on more than 50% of surveys.  All birds were flushed along
transects from tall emergent vegetation.  Most observations were of single birds but two
individuals were recorded on three occasions.
Common Moorhen - Like the Purple Gallinule, this species was only detected within
the Costa del Este II site.  Single birds were observed on three occasions.  Birds were
flushed from tall emergent vegetation and were associated with Wattled Jacanas and
Purple Gallinules.
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Wilson’s Phalarope - This species was detected in wetland habitats only where it
foraged using typical phalarope behavior in shallow open pools.  From ground surveys,
peak abundance was between mid September and early October.  No birds were de-
tected after mid October.  A high number of 15 was recorded at the Costa del Este II
site on 8 October.
Black-necked Stilt - During the present study, this species was most commonly ob-
served foraging within open water pools that were embedded within nontidal wetlands.
Groups of 10-20 birds were consistently observed foraging in the large impoundment
within the Victoria-Velasquez Spoil Area.  Large numbers of birds were also frequently
observed within shallow open water and areas with emergent vegetation within the
Costa del Este site.  On relatively few occasions were birds actually flushed from inter-
tidal habitats during aerial surveys.
Common Snipe - This species was fairly common within appropriate habitat.  The
majority of birds were observed around rain pools or wet ditches in tall grassland
patches.  Migration is later than most shorebird species with birds not appearing in the
study area until mid October.  It is likely that the study terminated before peak numbers
were reached.  A high count of 12 birds were detected along transects in the Costa del
Este I site on 3 November.  This species has a very short flushing distance, suggesting
that many more birds were on the site at that time.
Short-billed Dowitcher - The Short-billed Dowitcher was the most abundant medium-
sized shorebird utilizing intertidal habitats during the study period.  As with Black-
bellied Plovers and small shorebirds, largest numbers were concentrated within the 30
km segment of shoreline just east of Panama City.  Peak numbers of birds were present
from mid September through early october.  Birds were occasionally observed in grass-
land habitats with other shorebirds following heavy rains.  Small numbers of birds were
consistently recorded using wetland habitats where they foraged on exposed mud and
within shallow water with emergent vegetation.  Birds were also consistently observed
using the roost area at Victoria-Velasquez Spoil Area where a high of 56 individuals
were recorded on 3 September.  From 200 to 600 birds were regularly seen in the high-
tide roost area at Costa del Este II with greater than 1,000 counted on three occasions.
Short-billed Dowitchers foraged on soft mudflats east of Panama City by probing deeply
(often times emerging their entire head) for large marine worms.  The majority of cap-
tured birds showed evidence of ongoing prebasic molt.
Stilt Sandpiper - Only three observations of this species were made during the course
of ground surveys.  All observations were made at the Costa del Este II field site during
the first two weeks of the study.  Birds were observed in shallow water with short emer-
gent vegetation.
Red Knot - The presence of this species was likely underestimated during aerial sur-
veys.  It is likely that this species was mixed with dowitchers and no attempt was made
to separate these two species in large mixed flocks.  Flocks identified as Red Knots
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were clustered around the sandy deposits surrounding the mouth of the Rio Bayano
and the rocky shoreline between Puerto Camitta and Playa Leona.  A high survey of
2,460 was recorded on 27 September.  Occasionally, small numbers were observed to
roost with other shorebirds at Victoria-Velasquez Spoil area.  A high count of 16 birds
was made there on 16 September.  Birds were consistently observed within the high-
tide roost at Costa del Este II also with a high number of 350 estimated on 14 October.
Three birds were captured at this site and all showed evidence of ongoing prebasic
molt.  One marked bird returned to the roost site for more than 10 days.
Pectoral Sandpiper - This species was fairly common during the study period within
short and tall grass fields.  Although present throughout the study period, greatest
movement appears to occur from late September through early October.  Most individu-
als were observed in small groups often with other grassland species.  Some birds
were also observed in wetlands on wet flats or in shallow water.  Although birds were
observed in the high-tide roost area at Costa del Este II, no birds were ever observed
foraging on intertidal mudflats.  Captured birds had fresh plumage with no indication of
ongoing prebasic molt.  One marked individual was detected as long as 3 weeks after
marking.
White-rumped Sandpiper - This species was uncommon during the study period.
From ground surveys, White-rumpeds appear to move through the upper Bay during a
relatively short period of time from late September through early October.   All individu-
als observed were foraging in shallow open water or along the wet margins of open
pools.  Birds were seen in groups but individuals vigorously defend small feeding terri-
tories from all intruders.  A high count of 8 birds was recorded at the Costa del Este II
site on 2 October.
Baird’s Sandpiper - This species was uncommon during the study period.  From
ground surveys, the majority of birds appear to move through the upper Bay from early
September through early October.  The majority of individuals recorded were observed
in short grass fields with other species such as Pectoral and Least Sandpipers.  Indi-
viduals were also observed on open dry flats at the Victoria-Velasquez Spoil Area.
Least Sandpiper - This species is the most abundant shorebird in wetland habitats
where it forages on exposed flats and in shallow water (particularly in areas with short
emergent vegetation).  Peak densities in this habitat approached 180 birds/ha.  Least
Sandpipers were also seen frequently in short grass fields and in tall grass fields
around the margins of rain pools.  They were the most consistent and abundant small
shorebird species foraging on the firm intertidal of Farfan and Veracruz Beaches.  How-
ever, Least Sandpipers could not penetrate the soft mudflats east of Panama City.
Individuals foraged along the firm upper edge and would rarely venture out onto the
flats beyond 10-20 m.  Captured individuals showed evidence of ongoing prebasic molt.
From ground surveys, this species appears to be most abundant from mid to late Sep-
tember.
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Semipalmated Sandpiper - This species was abundant within intertidal habitats east
of Panama City.  Although not able to separate from other small shorebirds during
aerial surveys, believed to be the second most abundant shorebird utilizing the inter-
tidal zone.  On average, represented 13.1% of small shorebirds captured.  From
marked birds, residency time is similar to Western Sandpiper, suggesting that 120,000
to 180,000 likely moved through the upper Bay during the study period.  Individuals
captured showed patterns of prebasic molt similar to Western Sandpiper.  Significant
numbers were also observed to forage within wetland habitats.  Occasionally observed
in short grass habitats with flocks of other small shorebirds after heavy rains.
The difficulty of separating this species from Western Sandpiper in the upper
Bay is overstated (Ridgely and Gwynne 1989).  The majority of the Western Sandpip-
ers moving through the region are females such that differences in bill length between
the two species are typically 1 cm or more.  This difference is easily detectable in the
field.  Short-billed Westerns may be separated from Semipalmateds by head shape,
posture, and behavior.  Westerns have a more angular head with the bill attachment at
an angle that gives an insect-like appearance.  Semipalmateds have a more rounded
head shape giving an innocent appearance.  When foraging, Semipalmateds forage in
an extended crouched position while Westerns tend to move with their bodies held
upright.  Finally, Semipalmateds are hyperactive foragers that utilize bill Scything al-
most exclusively in soft mud.  Western Sandpipers rarely if ever forage by bill Scything.
This species stalks and probes or uses bill stitching.
Western Sandpiper - This species is the most abundant shorebird in the upper Bay of
Panama with an accumulated number of individuals believed to exceed 1,000,000
during the study period.  The majority of individuals utilize the extensive mudflats in the
30 km section of shoreline east of Panama City where linear densities approach 10,000
birds/km.  This species is also abundant in wetlands and utilizes short grass fields.
Birds were also seen consistently in the firm intertidal areas of Farfan and Veracruz
Beaches.  Significant numbers utilize the communal roost area in Victoria-Velasquez
Spoil Area.  As many as, 60-80,000 individuals were observed in the high-tide roost
area at the Costa del Este II field site.  The majority of individuals observed foraging in
the soft mudflats fed on marine worms.  Prebasic molt (except retrices) is rapid and
takes place from early September through early October.
Sanderling - As in the Red Knot, presence of this species was likely underestimated
during aerial surveys.  It seems likely that Sanderlings mixed in with the large flocks of
small shorebirds east of Panama City.  Small monospecific flocks were concentrated
around the sandy shoreline surrounding the Rio Bayano and vicinity.  A high count of
55 was made on 27 September.
Marbled Godwit - No attempt was made to separate this species from Whimbrels
during aerial surveys.  Consequently, no reliable estimate of numbers can be made for
the upper Bay of Panama.  Individuals were observed within the high-tide roost area at
Costa del Este II site throughout the entire study period.  A high of 35 individuals was
counted here on 3 November.  Individuals were also observed roosting with Black-
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bellied Plovers in the open flats along the large impoundment at Victoria-Velasquez
Spoil Area.  Although this species was observed within wetlands and uncommonly in
grasslands, there was no indication of foraging.  Individuals appear to forage in the
intertidal and only use alternate habitats for roosting.
Hudsonian Godwit - Three birds believed to by of this species were flushed from the
edge of an extensive mudflat approximately 20 km east of Panama City during an aerial
survey on 27 September.  The area was remote and no ground verification could be
made.
Yellowlegs spp. - Most of the Greater and Lesser Yellowlegs observed during the
study were foraging within open water.  Birds were consistently observed wading
through the ponds at Victoria-Velasquez Spoil Area and in the wetlands of Costa del
Este II site.  Birds were also consistently observed at low tide foraging around water
channels out on the firm substrate at Farfan Beach.  Birds were occasionally observed
in grassland sites around pools after heavy rains.  Only rarely were birds flushed from
mudflats east of Panama City during aerial surveys.  Ground surveys do not indicate
any obvious change in abundance over the study period.
Solitary Sandpiper - From ground surveys, the peak passage time of the Solitary
Sandpiper appears to fall between early and late September.  Very few birds were
observed after September.  Birds were detected in all habitats except within the inter-
tidal zone.  Most of the birds observed were associated with standing water.  More than
70% of observations were from wetlands.  Remaining birds were detected on grass-
lands but typically in association with wet ditches or rain pools.
Willet - The Willet was the most abundant large shorebird observed within the study
area.  The majority of individuals detected were associated with the intertidal zone.
From aerial surveys, peak numbers appear to pass through the study area from mid-
September through mid-October.  Unlike small and medium shorebirds, Willets reached
their highest numbers near the beginning of the aerial transect (just west of the mouth
of the Rio la Maestra) and near the end of the transect (in the bays around Playa
Leona).  Roosting birds were flushed in large numbers from fingers of mangrove trees
that extend out into the mudflats.  Willets are capable of penetrating the soft mudflats
east of Panama City where they probe deep into the mud and extract large marine
worms.
From ground surveys, high numbers of birds were observed on Farfan and
Veracruz Beaches and within both wetland field sites.  Birds within the wetlands forage
in open pools and in shallow areas with short emergent vegetation.  A small number of
birds also used grassland habitats.  These birds walked slowly through the grass forag-
ing for insects on the surface.  Captured birds showed evidence of ongoing prebasic
molt.  A clear progression of molt could be observed over the course of the season,
even from aerial surveys.
Upland Sandpiper - This species appears to require medium to tall grass with inter-
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spersed patches of bare ground.  Highest numbers were observed in sparse stands of
grass at the Costa del Este I site where as many as 16 birds were seen together and
the Drop Zone on Howard Airforce Base.  Fewer birds were also detected within short
grass patches.  Birds were typically observed in groups of 2-6.  From ground surveys,
uplands appear to reach peak numbers from late September through early October.
Birds are not present in the early fall and numbers drop off through October and early
November.
Buff-breasted Sandpiper - This species was fairly common in appropriate habitat near
the coast.  Nearly all individuals were observed within short grass fields.  A high num-
ber of 80 birds were counted at the grassy landfill at Costa del Este on 1 October.
Species is very gregarious and typically seen in groups of 10 to 30 often times with
other species.  Occasionally, birds were observed roosting with other shorebirds in the
high-tide roost at Costa del Este II site.  A high number of 51 was recorded there on 30
September.  From ground surveys, peak numbers appear to pass through the area
during the entire month of September.  Captured individuals had fresh plumage with no
indication of ongoing prebasic molt.  Marked individuals were detected as long as 3
weeks after marking.
Spotted Sandpiper - It was not possible to separate this species from the small shore-
birds during aerial surveys.  However, significant numbers do occur primarily along the
upper margin of the intertidal.  Within the intertidal zone west of Panama City, this
species forages out on the firm intertidal zone.  East of Panama City, this species does
not appear to be capable of penetrating the soft mudflats.  In this area, they forage
along the upper margin of the flat on firm substrates.  Here, along with Wilson’s Plo-
vers, they defend feeding territories and feed almost exclusively on small fiddler crabs
that they catch by stalking and ambushing.
Outside of the intertidal zone, Spotted Sandpipers exhibit a pattern of habitat
use very similar to that of the Solitary Sandpiper.  Most of the birds are associated with
wetlands.  Low numbers of birds were also found in grasslands around wet ditches and
rain pools.  Ground surveys indicate a minor decline in numbers after the end of Sep-
tember.
Whimbrel - Whimbrels consistently used a broader range of habitats than any of the
other shorebird species.  Within the intertidal zone, Whimbrels were the second most
abundant large shorebird detected.  They were also the most consistently observed of
all species within short grass patches.  Large numbers were also observed in wetland
habitats.
Whimbrels seem to have a variable diet that shifts with habitat.  They are ca-
pable of penetrating the soft mudflats east of Panama City where they scatter over the
flat surface and probe deeply for large marine worms.  Within the Costa del Este II site
and the firm intertidal sites at Farfan and Veracruz Beaches they stalk and feed on
fiddler crabs.  After heavy rains, they walk across short and medium grass fields and
probe for large earthworms.
Like Willets, Whimbrel roost in the mangroves lining the upper Bay shoreline
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and were more abundant near the beginning and end of the aerial transect.  Also like
Willets, Whimbrel were most abundant between early September and early October.
Southern Lapwing - Wetmore (1981) describes this species as a casual visitor.
Ridgely and Gwynne (1989) describe the species as uncommon to rare but increasing.
During the present study, lapwings were observed consistently within and around the
Costa del Este site, as well as, on other grassland habitats around the canal zone.
This species was most commonly observed on grassland habitats and occasionally
within shallow wetlands.  Birds were present upon initiation of the study in early August
and continuing through September but disappeared from all study sites in early Octo-
ber.
Black-bellied Plover - This species was common within intertidal habitats, particularly
within the 30 km segment of shoreline (segments 6-8) just east of Panama City.  Peak
numbers were present within this area during the entire month of September and de-
clined rapidly through October.  Birds were consistently observed within the intertidal
flats of Farfan and Veracruz Beaches but were rarely observed using grasslands and
wetlands except during high tide.  A high-tide roost area was detected along the
unvegetated edge of the large impoundment at the Victoria-Velasquez Spoil Area.  A
high count of 259 birds was made here on 16 September.  These birds were believed to
originate within foraging areas stretching between the west side of Panama City and
Veracruz Beach.  This species is capable of penetrating the soft mudflats east of
Panama City where it forages in typical plover fashion for large marine worms.
American Golden Plover - A single individual was observed on the short grass habitat
of the landfill site at Costa del Este on 20 September.  What was apparently the same
individual was observed at this same location over the course of about 12 days.
Collared Plover - Observations of this species during the present study were consis-
tent with recent description by Ridgely and Gwynne (1989).  This species was common
within most sites containing grass with interspersed open sand and gravel patches.  In
August, birds were most consistently observed in the Victoria/Velasquez Spoil Area
where they often seemed to be territorial and at the Costa del Este I site.  Later in the
season, birds were observed along the upper margins of Farfan and Veracruz beaches
and within short grass habitats.
Semipalmated Plover - This species was abundant within intertidal habitats.  Although
not able to separate from other small shorebirds during aerial surveys, believed to be
the third most abundant species utilizing intertidal zone.  On average, accounted for
8.5% of small shorebirds utilizing high-tide roost within Costa del Este II.  A peak esti-
mate of 6,250 was made at this site on 5 November.  Birds also utilize wetland and
short grass habitats primarily during high tide periods.
Species is capable of penetrating soft mudflats east of Panama City where they
forage visually using typical plover foraging tactics.  Individuals observed, fed primarily
on marine worms.  Typically first species to vacate flats with incoming tide due to ef-
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fects of crowding on foraging.  Captured birds showed evidence of ongoing pre-basic
molt.
Wilson’s Plover - This species was common during the study period within intertidal
habitats.  Numbers ranging from 8 to 38 were consistently observed at Farfan and
Veracruz Beaches.
A high-tide roost area was detected along the unvegetated edge of the large impound-
ment at the Victoria-Velasquez Spoil Area.  A high count of 76 birds was made here on
22 September.  These birds were believed to originate within foraging areas stretching
between the west side of Panama City and Veracruz Beach.
It was not possible to separate this species from the small shorebirds during
aerial surveys.  However, significant numbers do occur primarily along the upper mar-
gin of the intertidal.   Within the intertidal zone west of Panama City, this species for-
ages out on the firm intertidal zone.  East of Panama City, this species does not appear
to be capable of penetrating the soft mudflats.  In this area, they forage along the upper
margin of the flat on firm substrates.  Here they defend feeding territories and feed
almost exclusively on small fiddler crabs that they catch by stalking and ambushing.  A
high number of 800 birds were counted within the Costa del Este II roost area on 5
November.  Captured individuals showed evidence of pre-basic molt.
Killdeer - A single individual was observed in association with the high-tide roost area
at the Costa del Este II site in mid October.
Surfbird - This species was consistently seen on the rocks around Panama Viejo in
groups of 30 to 60 throughout the duration of the study.  It seems likely that birds occur
throughout the rocky intertidal areas of Panama City and west of Veracruz.  Birds were
observed infrequently on the rocky areas of Veracruz Beach with a high of 5 recorded
on 6 October.  Small numbers were also seen roosting with other shorebirds within the
high-tide roost area of the Costa del Este II site.  A high count of 12 was recorded here
on 26 September.  These birds were believed to originate from Panama Viejo.
Ruddy Turnstone - This species is easily identified from the air.  However, very few
turnstones were detected during aerial surveys.  No birds were ever flushed form the
extensive mudflats east of Panama City.  A high count of 28 individuals was made
during the survey on 1 November.  Birds were frequently observed foraging in the rocky
intertidal within Panama City.  Birds were also observed in the intertidal at Farfan and
Veracruz Beaches where a high count of 14 individuals was recorded on 25 August.
Scattered birds in low numbers were also observed along the rocky shoreline west of
Veracruz during aerial surveys.  Occasionally, small (1-4) numbers of birds were ob-
served roosting with other shorebirds at Victoria-Velasquez Spoil Area.  Throughout the
season, small numbers were consistently observed within the high-tide roost area at
Costa del Este II.  A high count of 37 was recorded there on 7 September.  Birds within
this roost were believed to have originated from the intertidal areas surrounding
Panama Viejo.
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American Oystercatcher - Observed along remote beaches on aerial surveys only.
Species primarily associated with sandy substrate but also occasionally seen around
rocky intertidal areas.  Most birds observed along the sandy deposits surrounding the
mouth of the Rio Bayano.  Scattered individuals also observed along rocky shorelines
west of Vera Cruz.  Numbers also observed in early August around Punta Chame while
conducting reconnaissance flight.  A high count of 403 was made on 5 September.
Birds were present throughout the study period.
Wattled Jacana - This species is resident in the study area throughout the year
(Ridgely and Gwynne 1989).  During the study period, birds were most frequently
flushed from areas of tall emergent vegetation within wetlands.  It was not uncommon to
flush 15 birds or more from small patches of appropriate habitat.  Birds were also ob-
served in tall vegetation bordering open ponds, ditches with tall vegetation, rain pools
within tall grass, and on floating vegetation within large open ponds.  A single nest with
four eggs was located along the survey transect at Costa del Este II site.  Eggs were
placed on a small platform of green vegetation on the surface of the water.
DISCUSSION
This study supports indications from anecdotal observations (Ridgely and
Gwynne 1989) and from a single fall survey (Morrison et al. 1998) that the upper Bay of
Panama supports a significant number of waterbirds during the period of fall migration.
During this period, the waterbird community is diverse including over 70 species.  Al-
though several species of waterbirds are resident within the upper Bay throughout the
year, the majority of both species and individuals were migrants from North America.
Many of these migrants reached peak numbers in late September and early October
and then declined through October suggesting that the upper Bay represents a stop
along their migration route.  The timing of peak movement and the extent of the migra-
tion window varied widely between species.  For some later migrants, numbers were
still increasing at the end of the study period, suggesting that peak numbers were not
observed.
In terms of both abundance and diversity, shorebirds were the dominant
waterbird group detected during the study period.  From aerial surveys, shorebirds
accounted for more than 94% of all waterbird observations within the intertidal zone.
However, in terms of both biomass and expected metabolic requirements, shorebirds
were similar to the other remaining waterbirds in the intertidal zone, suggesting that
these groups may have comparable effects as consumers within the upper Bay ecosys-
tem.  From ground surveys, shorebirds dominated every habitat examined except for
tall grasslands where they were a close second.  However, each of the four habitats
examined appear to support an obligate group of waterbird users that are nearly exclu-
sive to them, as well as, a facultative group that uses them when conditions are favor-
able.
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General Significance
Upper Bay of Panama - With the current level of information, it is not possible to
generate a precise estimate of the total number of waterbirds (all species combined)
that depend on the upper Bay region during the fall months.  No estimates of residency
times/turnover rates are available for the more than 60 species of migratory waterbirds
(with the exception of the Western Sandpiper).  An additional problem is that the major-
ity of species were associated with nontidal habitats.  Although habitat-specific density
estimates were generated for these species, habitat abundance data is lacking for the
region.  Without such data, population projections are not possible for the entire region.
Even without complete information on all species involved, aerial surveys along
the 100 km transect within the upper Bay suggest that the intertidal flats east of
Panama City have high significance as stopover habitat for migrant shorebirds.  Survey
totals for all but the initial flight exceed the criteria of the Western Hemisphere Shore-
bird Reserve Network for classification as an international site (i.e. host to > 100,000
shorebirds).  The highest single day count exceeded 370,000 birds on the 25th of
October.  This survey was composed of 96.7% small shorebirds and was well after the
peak of all medium and large-sized shorebirds.  When considered collectively, single-
day, peak counts for the 7 most abundant intertidal species approached 400,000 birds.
The survey results reported here are remarkably consistent with much broader
surveys of the Panamanian coastline conducted by the Canadian Wildlife Service
(Morrison et al. 1998).  The previous effort included a fall survey in October (1991) a
winter survey in January (1993), and a spring survey in February (1988).  Results of the
previous survey conducted between 22 and 24 October 1991 are remarkably similar to
surveys conducted in the present study.  The portion of the 1991 survey including the
same shoreline east of Panama City considered in the present study, recorded over
333,000 birds composed of 92.1% small, 2.5% medium, and 5.4% large shorebirds.  A
survey conducted on 25 October during the present study recorded more individuals
(>360,000) but with a slightly different composition (97.6% small, 0.6% medium, and
1.8% large).  However, a survey conducted on 4 October during the present study
recorded a virtually identical composition (92.0% small, 2.4% medium, and 5.6% large)
as the 1991 survey.
Results from high-tide roost surveys and banding operations confirm previous
suggestions (Morrison et al. 1998) that Western Sandpipers are the dominant shorebird
species utilizing the upper Bay.  This species accounted for 79.5% of small shorebirds
and 71.1% of all intertidal shorebirds.  Results of the mark-resight program indicate a
daily emigration rate of approximately 4%, suggesting an average residency time of 10-
12 days.  When considered in concert, the emigration rate and the daily survey data
yield a seasonal population estimate of nearly 1,100,000 for the Western Sandpiper.
These numbers alone exceed the criteria of the Western Hemisphere Shorebird Re-
serve Network for classification as a hemispheric site (i.e. host to > 500,000 shore-
birds).  The global population of Western Sandpipers is estimated to be approximately
around 6.5 million (Isleib 1979).  When we consider that nearly 80% of the individuals
captured in the upper Bay were classified as adult females, it is conceivable that more
than 30% of this entire age/sex class may utilize this area during the fall months.
46
Within the upper Bay of Panama, the 30 km shoreline segment just east of
Panama City currently appears to contain the most important habitat for migrant shore-
birds.  During the peak survey conducted on 25 October, this shoreline segment sup-
ported an average linear density of >10,000 birds/km.  Although no data during the
migration period are available from other locations for comparison, surveys conducted
during the winter months of this same shoreline suggest that densities of wintering
shorebirds in this area are second only to the large numbers of birds wintering along
coastal Surinam (Morrison and Ross 1989, Morrison et al. 1998).
Why the shoreline segment east of Panama City attracts such large numbers of
waterbirds is not completely clear.  However, what is clear is that the large avian biom-
ass recorded along this shoreline requires a significant amount of energy.  Just during
the month of October, these birds would collectively require 100 metric tons of prey to
maintain a neutral energy budget.  It seems unlikely that this amount of energy is being
produced within the mudflats themselves.
The shoreline segment east of Panama City is lined with extensive mangrove
forests.  Mangroves are known to be extremely productive ecosystems and to export
energy to nearshore waters (Odum and Heald 1972, Simberloff 1983).  Benthic cores
collected from the intertidal zone east of Panama City during the present study con-
tained very high densities of marine invertebrates, as well as, relatively large amounts
of mangrove detritus.  Work by the Canadian Wildlife Service along the entire Panama-
nian coastline revealed that tidal flats associated with mangrove forests supported
many times more waterbirds than tidal flats that had no mangrove association (Butler et
al. 1997).  This result is consistent with similar surveys throughout coastal South
America (Morrison and Ross 1989)
In addition to detritus from mangrove forests, additional energy sources may be
supplementing the intertidal food chain.  Panama City is a city of 600,000 people with
no sewage treatment facility.  Sewage discharge into the upper Bay may serve to in-
crease biological production on the mudflats just east of the city.  The upper Bay area is
also known to receive nutrients from deep waters through seasonal upwelling.  North-
easterly trade winds in the early spring over the Gulf of Panama are strong enough to
produce the offshore movement of surface water and subsequent upwelling of colder,
nutrient rich water (Schaefer et al. 1958, Frosberg 1963).  These nutrient rich waters
produce dense phytoplankton blooms between December and March (Smayda 1966,
D’Croz et al. 1991) which seem to have an influence on the availability of invertebrates
within the intertidal zone.  The influence of spring phytoplankton on prey availability to
waterbirds in the fall is not clear.
Management Considerations/Recommendations - The extensive intertidal habi-
tats found east of Panama City are maintained naturally by the interaction of local
geology and tidal processes.  No management actions are needed to maintain the
physical structure of these habitats.  However, the intertidal flats by themselves are of
little value to waterbirds without an abundant food source.  Although further research is
needed to clarify the source of energy that supports this prey base it seems clear that
mangrove forests must play some role. Due to the likely importance of mangrove
forests to intertidal mudflats and their biological communities, protection of these for-
ests is recommended.
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Panama City is a fast growing city both in terms of population size and geo-
graphic extent.  Much of this growth is expected to move eastward along the shoreline
that provides the most significant foraging habitat for migratory waterbirds.  Caution in
the planning of this growth with respect to this hemispherically important conservation
area is recommended.  Consideration of a protected refuge system within this site is
recommended.
Canal Zone and Vicinity - When compared to the intertidal areas east of Panama City,
habitats within and around the Pacific entrance to the Panama Canal do not appear to
have significance on the same international scale.  However, these lands do provide
habitat for a diverse group of waterbirds.
Intertidal Habitats - The intertidal zone surrounding the entrance to the canal is differ-
ent from the intertidal zone east of Panama City in substrate and in the type and num-
bers of waterbirds supported.  Mudflats in this location are relatively shallow with a firm
base of sand and volcanic rock and tend to have a relatively low organic content.  In
contrast, mudflats east of Panama City may reach three feet or more in depth and have
a high organic content.  The difference in organic content appears to result in a differ-
ence in the density of invertebrate prey supported which may explain the relatively low
number of birds supported.
The firm substrate within the area surrounding the canal appears to allow a
number of species access to the intertidal zone that were not generally observed in the
intertidal areas east of Panama City.  For example, Least Sandpipers and Spotted
Sandpipers were mostly associated with wetland habitats.  These species were ob-
served along the margin of the intertidal zone east of Panama City where the substrate
is relatively firm.  Unlike, the primary small intertidal shorebird species, they do not
have webbed feet and so presumably can not penetrate the deep, soft sediments.
However, these species were easily able to penetrate the firm intertidal zone surround-
ing the canal and were two of the most common small shorebirds observed in these
habitats.  A similar pattern was observed with several other shorebird species and with
a number of herons and egrets.
The intertidal areas surrounding the Pacific entrance to the Panama Canal
provide foraging habitat for a diverse group of waterbirds.  These include species for
which intertidal areas are primary foraging habitats and species for which intertidal
areas are alternate foraging habitats.  Although important locally, these habitats do not
support enough numbers to be considered regionally or internationally important.
Management Considerations/Recommendations - The intertidal habitats sur-
rounding the canal zone are maintained naturally by the interaction of local geology
and tidal processes.  No management action is needed.
Wetland Habitats - Open wetlands contain a diverse assemblage of habitat elements
such as tall and short emergent vegetation, shallow water pools, mudflats, etc.  Each of
these elements support a group of obligate species.  Of all habitats surveyed within the
upper Bay of Panama, open wetlands supported the greatest number of species and
had the largest number of exclusive species.  A relatively small portion of these species
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are year round residents and utilize wetlands for nesting, feeding, and roosting.  A
much larger number of species are migratory and utilize wetlands during migration or
during the winter for foraging and/or roosting.  Some of these species, such as Wilson’s
Phalarope, Black-necked Stilt, Blue-winged Teal, etc. are nearly exclusive to this habi-
tat.  Other species, such as many that typically feed in intertidal areas, use wetlands
primarily during high tide periods.
Open wetlands do not appear to be commonly available within the region of the
study area.  Both the Victoria-Velasquez Spoil Area and the Costa del Este II field site
appear to contain wetlands that are locally significant.  Both of these areas appear to
support a community of breeding waterbirds, as well as, significant numbers of mi-
grants.  Both sites also provide high-tide roosting habitat for intertidal species.  How-
ever, these sites do not appear to have significance that extends beyond the immediate
region.
Management Considerations/Recommendations - The open water ponds and
impoundments within the Victoria-Velasquez Spoil Area provide significant habitat to
both resident and migratory waterbirds.  Maintenance and/or enhancement of these
open water habitats to ensure their availability into the future is recommended.  Installa-
tion and use of a water level control system such that levels could be varied throughout
the year to enhance the value of the large impoundment is recommended.
Emergent vegetation interspersed with open mudflats currently covers a large
section of the spoil area.  This habitat supports significant numbers of rails and shore-
birds.  However, much of this habitat has been lost recently due to encroachment by
woody vegetation via succession.  If succession is not halted, remaining marsh habitat
may be lost in the near future.  A maintenance program to monitor and maintain this
habitat via herbicide or some other method is recommended.
Short Grass Habitats - Open patches managed as short grasslands are the most com-
mon upland habitats for waterbirds within the canal zone.  These patches provide
foraging substrate for a relatively small group of obligate shorebirds including the Buff-
breasted Sandpiper, Baird’s Sandpiper, and Pectoral Sandpiper.  These species gener-
ally migrate through the area and do not spend the winter.  Short grass patches also
provide foraging habitat for a group of facultative species such as the Least Sandpiper,
Whimbrel, Great Egret, and White Ibis.  These species utilize short grass habitats most
often after rains when the surface is soft and invertebrates are more accessible.  Use of
these sites also increases just after grass has been cut and when heavy rains leave
pools of standing water.
Although most of the managed grasslands within the canal zone occur on mili-
tary installations, the habitat appears to be relatively common within the region in the
form of rangelands.  These sites do not appear to have significance that extends be-
yond the local area.
Management Considerations/Recommendations - Short grass patches within the
canal zone are maintained by weekly mowing operations as part of a normal grounds
keeping program.  A continuation of the current program is recommended.
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Tall Grass Habitats - Open patches managed as tall grasslands are not common within
the canal zone.  These patches provide primary habitat for species such as the Upland
Sandpiper and Cattle Egret.  Many more species such as the Solitary Sandpiper, Spot-
ted Sandpiper, Green-backed Heron, Great Egret, and Snowy Egret utilize these
patches as alternate habitats, particularly after rains.
Tall grasslands are more common regionally in the form of rangelands than they
are within the canal zone.  These sites do not appear to have significance that extends
beyond the local area.
Management Considerations/Recommendations - Tall grass patches within the
canal zone are maintained by mowing operations that occur on a 3-4 week rotation as
part of a normal grounds keeping program.  A continuation of the current program is
recommended in order to prevent colonization of these patches by woody vegetation.
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APPENDIX 1a:  Results of aerial survey conducted on 15 August, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 2,400 800 300 300 ------- 100 8,025 36,700 ------- 550 49,175 
Sanderling ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-bellied Plover 200 30 ------- 110 ------- ------- 225 585 ------- ------- 1,150 
Short-billed Dowitcher 300 70 ------- 170 ------- ------- 320 1,015 ------- ------- 1,875 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium 30 ------- ------- ------- ------- ------- ------- 200 ------- ------- 230 
Willet 75 285 285 850 221 199 1,867 ------- 63 88 3,933 
Whimbrel 300 220 235 707 118 45 865 ------- 11 37 2,538 
American Oystercatcher ------- ------- ------- 5 ------- ------- ------- ------- ------- ------- 5 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- 100 ------- ------- 100 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- 280 ------- ------- 280 
            
Total Shorebirds 3,305 1,405 820 2,142 339 344 11,302 38,880 77 675 59,289 
            
Neotropic Cormorant ------- ------- 325 880 465 336 780 900 90 235 4,011 
Brown Pelican 29 85 215 371 216 336 80 300 219 324 2,175 
Laughing Gull 320 ------- 130 200 ------- 250 300 40 ------- 370 1,610 
Waders 157 960 150 ------- 35 20 ------- ------- 13 55 1,390 
Black Skimmer ------- ------- ------- 500 ------- ------- ------- ------- ------- ------- 500 
All Terns ------- ------- ------- 110 10 80 ------- ------- ------- 20 220 
Magnificent Frigatebird 23 ------ ------- 15 24 5 ------- ------- 9 72 148 
Roseate Spoonbill 3 10 ------- ------- ------- ------- ------- ------- ------- ------- 13 
            
Total Seabirds 532 1,055 820 2,076 750 1,027 1,160 1,240 331 1,076 10,067 
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APPENDIX 1b:  Results of aerial survey conducted on 22 August, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 105 1,165 3,710 ------- 4,630 30,680 39,200 28,500 3,030 ------- 111,020 
Sanderling ------- ------- ------- ------- 3 ------- ------- ------- ------- ------- 3 
Black-bellied Plover 80 30 315 ------- 309 350 560 90 100 ------- 1,834 
Short-billed Dowitcher 280 40 905 ------- 452 890 2,630 110 300 ------- 5,607 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- 30 ------- ------- ------- ------- 70 ------- ------- ------- 100 
Willet 155 395 1,375 90 384 760 2,670 880 278 246 7,233 
Whimbrel 48 162 2,323 3 232 440 1,160 50 255 127 4,800 
American Oystercatcher ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- 2 ------- ------- ------- ------- ------- 2 
            
Total Shorebirds 668 1,822 8,628 93 6,012 33,120 46,290 29,630 3,963 373 130,599 
            
Neotropic Cormorant 45 420 975 19 19 206 725 725 73 124 3,331 
Brown Pelican 40 25 370 5 ------- 425 605 605 192 270 2,537 
Laughing Gull 30 145 ------- ------- ------- 260 240 240 12 45 972 
Waders 433 420 40 2 2 20 35 80 70 193 1,295 
Black Skimmer ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
All Terns ------- ------- ------- ------- ------- 120 ------ ------- 2 ------- 122 
Magnificent Frigatebird 8 ------- ------- 5 5 ------- ------- ------- 15 178 211 
Roseate Spoonbill 80 50 ------- ------- ------- ------- ------- ------- ------- 30 160 
            
Total Seabirds 636 1,060 1,385 31 26 1,031 1,605 1,650 364 840 8,628 
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APPENDIX 1c:  Results of aerial survey conducted on 30 August, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 8,000 11,000 17,608 700 13,770 33,725 17,000 32,840 1,750 1,240 137,633 
Sanderling ------- ------- ------- ------- ------- ------- ------- 2 ------- ------- 2 
Black-bellied Plover 440 104 225 20 171 700 400 565 50 40 2,715 
Short-billed Dowitcher ------- 136 370 ------- 10 200 40 1,270 ------- 60 2,086 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium 260 ------- 300 150 200 400 ------- ------- 280 40 1,630 
Willet 1,500 1,005 1,945 131 626 1,065 590 374 10 575 7,821 
Whimbrel 911 655 754 111 138 510 262 175 50 225 3,794 
American Oystercatcher ------- ------- 95 85 9 20 ------- ------- 15 ------- 224 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- 50 ------- ------- ------- 50 
Unidentified Large ------- ------- 1,780 ------- 205 25 300 ------- 240 ------- 3,550 
            
Total Shorebirds 11,111 12,900 23,077 1,197 15,129 36,645 18,645 35,226 2,395 2,180 159,505 
            
Neotropic Cormorant 80 24 110 300 205 722 1,500 2,700 135 610 6,386 
Brown Pelican 550 920 250 200 415 398 1,000 400 400 660 5,193 
Laughing Gull ------- 580 175 85 ------- 85 1,330 650 20 245 3,170 
Waders 340 220 30 4 ------- ------- ------- 80 36 ------- 710 
Black Skimmer ------- ------- ------- 300 ------- 40 ------- ------- ------- ------- 340 
All Terns ------- ------- 30 ------- ------- 40 10 50 30 ------- 160 
Magnificent Frigatebird 6 ------- ------- ------- 35 5 ------- ------- 19 125 190 
Roseate Spoonbill ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Seabirds 976 1,744 595 889 655 1,290 3,840 3,880 640 1,640 16,149 
 
 
 
54
APPENDIX 1d:  Results of aerial survey conducted on 5 September, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small ------- 2,180 26,300 14,500 8,025 31,705 36,400 33,300 8,700 180 161,290 
Sanderling ------- ------- ------- ------- 12 ------- ------- ------- ------- ------- 12 
Black-bellied Plover ------- ------- 1,150 21 126 1,182 ------- 80 20 ------- 2,579 
Short-billed Dowitcher ------- 20 790 77 280 974 1,215 1,500 ------- ------- 4,856 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- ------- 45 10 ------- ------- 234 ------- 289 
Willet 802 1,760 3,346 317 190 625 430 330 380 260 8,440 
Whimbrel 753 795 1,950 285 165 263 70 61 899 250 5,491 
American Oystercatcher ------- ------- 190 205 8 ------- ------- ------- ------- ------- 403 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- 480 480 
            
Total Shorebirds 1,555 4,755 33,726 15,405 8,851 34,759 38,115 35,271 10,233 1,170 183,840 
            
Neotropic Cormorant 21 223 158 3 ------- 15 305 810 10 504 2,049 
Brown Pelican 25 27 277 15 ------- 927 25 800 285 155 2,536 
Laughing Gull ------- 60 195 40 ------- ------- 400 600 15 512 1,822 
Waders 97 158 208 ------- ------- ------- 60 75 70 241 909 
Black Skimmer ------- ------- 450 110 ------- ------- ------- ------- ------- ------- 560 
All Terns ------- ------- 55 ------- ------- ------- ------- ------- ------- ------- 55 
Magnificent Frigatebird 4 ------- 9 ------- ------- ------- 2 ------- 6 ------- 21 
Roseate Spoonbill 95 19 ------- ------- ------- ------- ------- ------- ------- 21 135 
            
Total Seabirds 242 487 1,352 168 ------- 942 792 2,285 386 1,433 8,087 
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APPENDIX 1e:  Results of aerial survey conducted on 13 September, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 1,400 24,200 6,200 2,800 1,362 35,390 94,650 50,300 4,800 4,160 225,262 
Sanderling ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-bellied Plover ------- 100 490 ------- 56 100 1,820 ------- 60 ------- 2,626 
Short-billed Dowitcher ------- ------- 500 ------- 150 950 5,230 1,050 70 200 8,150 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- 100 ------- ------- ------- ------- ------- ------- ------- ------- 100 
Unidentified Medium 400 350 ------- ------- ------- ------- ------- ------- ------- ------- 750 
Willet 345 732 2,385 413 195 1,253 1,895 450 765 1,685 10,118 
Whimbrel 885 710 1,110 314 191 725 550 100 391 490 5,466 
American Oystercatcher ------- ------- 107 134 ------- 80 ------- ------- 25 ------- 346 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- 40 ------- ------- 40 
Unidentified Large ------- ------- ------- ------- ------- ------- 800 ------- ------- ------- 800 
            
Total Shorebirds 3,030 26,192 10,792 3,661 1,954 38,498 104,945 51,900 6,111 6,535 253,658 
            
Neotropic Cormorant 1,300 185 200 40 440 400 ------- 1,530 163 800 5,058 
Brown Pelican 675 145 223 115 200 300 ------- 1,500 498 910 4,566 
Laughing Gull ------- ------- ------- ------- ------- ------- 670 275 3 570 1,518 
Waders 285 ------- ------- ------- ------- ------- ------- 300 73 50 708 
Black Skimmer ------- ------- ------- ------- 10 ------- ------- ------- ------- ------- 10 
All Terns ------- 72 ------- ------- 10 ------- ------- ------- 15 ------- 97 
Magnificent Frigatebird 6 10 ------- ------- ------- ------- ------- ------- 2 115 133 
Roseate Spoonbill ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Seabirds 2,266 412 423 155 620 700 670 3,605 754 2,445 12,090 
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APPENDIX 1f:  Results of aerial survey conducted on 20 September, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 5,750 5,800 5,730 60 7,835 42,825 22,600 86,950 5,252 220 183,022 
Sanderling ------- ------- ------- 20 ------- ------- ------- ------- ------- ------- 20 
Black-bellied Plover 3 160 377 6 18 530 1,000 230 62 210 2,596 
Short-billed Dowitcher ------- 240 1,050 ------- 80 2,050 1,400 5,325 670 930 11,745 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- 10 ------- ------- ------- ------- 35 ------- 45 
Willet 1.145 930 4,311 553 187 1,039 500 1,110 555 1,571 11,901 
Whimbrel 1,341 956 2,588 305 87 275 28 264 273 745 6,862 
American Oystercatcher ------- ------- 70 125 3 15 ------- ------- ------- ------- 213 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- 10 ------- 15 25 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- 15 15 
            
Total Shorebirds 8,239 8,086 14,126 1,081 8,210 46,734 25,528 93,889 6,847 3,691 216,431 
            
Neotropic Cormorant 250 500 995 360 ------- 2,030 ------- 2,000 8 100 6,243 
Brown Pelican 2 25 1,070 34 20 35 30 500 419 880 3,015 
Laughing Gull ------- 960 200 ------- 16 ------- 400 1,395 8 95 3,074 
Waders 432 1,160 85 ------- ------- 170 ------- 355 112 535 2,849 
Black Skimmer ------- ------- 180 ------- 95 ------- ------- ------- ------- -------- 275 
All Terns ------- ------- ------- ------- ------- ------- ------- ------- ------- -------- ------- 
Magnificent Frigatebird ------- ------- 20 ------- ------- ------- ------- ------- ------- ------- 20 
Roseate Spoonbill 37 105 ------- ------- ------- ------- ------- ------- ------- 22 164 
            
Total Seabirds 721 2,750 2,550 394 131 2,235 430 4,250 547 1,632 15,640 
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APPENDIX 1g:  Results of aerial survey conducted on 27 September, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 14,000 13,000 15,940 175 399 41,330 67,200 47,780 357 1,920 202,101 
Sanderling ------- ------- ------- ------- 55 ------- ------- ------- ------- ------- 55 
Black-bellied Plover 340 100 192 ------- 3 120 2,460 55 30 140 3,440 
Short-billed Dowitcher 600 400 120 ------- ------- 310 4,620 1,630 20 60 8,300 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- 10 2,450 2,460 
Unidentified Medium ------- ------- ------- ------- ------- ------- ------- ------- 30 ------- 30 
Willet 2,125 865 3,035 404 402 878 2,200 536 290 1,219 11,954 
Whimbrel 1,643 703 1,563 144 33 238 540 136 203 886 6,089 
American Oystercatcher ------- ------- 250 25 10 2 ------- ------- ------- 40 327 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- 2 ------- 2 
Black-necked Stilt ------- ------- ------- ------- ------- 1 40 ------- ------- ------- 41 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Shorebirds 18,708 14,968 21,100 748 902 42,879 77,060 50,137 942 7,255 234,799 
            
Neotropic Cormorant 1,805 680 108 ------- 15 2,120 40 1,800 75 890 7,533 
Brown Pelican 763 55 12 ------- ------- 800 550 800 212 660 3,852 
Laughing Gull 3,770 250 ------- 15 ------- 1,970 130 175 17 830 7,157 
Waders 100 ------- ------- 15 ------- 140 20 ------- 90 70 435 
Black Skimmer ------- 370 ------- ------- ------- ------- ------- 40 ------- ------- 410 
All Terns ------- ------- ------- ------- ------- ------- 20 ------- ------- ------- 20 
Magnificent Frigatebird 30 ------- 25 ------- ------- ------- 15 ------- 4 35 109 
Roseate Spoonbill ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Seabirds 6,468 1,355 145 30 15 5,030 775 2,815 398 2,485 19,516 
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APPENDIX 1h:  Results of aerial survey conducted on 4 October, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 12,379 14,225 7,800 285 60 50,550 119,780 70,500 3,500 900 279,975 
Sanderling ------- ------- ------- ------- 20 ------- ------- ------- ------- ------- 20 
Black-bellied Plover 380 ------- 160 160 56 75 280 210 60 120 1,501 
Short-billed Dowitcher 425 300 1,280 200 ------- 10 2,360 1,310 80 1,531 7,496 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Willet 385 2,849 2,870 525 78 1,919 1,795 420 277 1,295 12,413 
Whimbrel 475 1,666 1,855 198 42 570 865 30 165 344 6,210 
American Oystercatcher ------- ------- 8 80 22 15 ------- ------- ------- ------- 125 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Shorebirds 14,040 19,040 13,973 1,448 278 53,139 125,080 72,470 4,082 4,190 307,740 
            
Neotropic Cormorant 150 2,115 20 45 10 1,500 55 1,500 4 390 5,789 
Brown Pelican 8 1,230 90 10 3 70 15 882 167 698 3,173 
Laughing Gull 250 410 310 ------- ------- 25 730 2,185 ------- 310 4,220 
Waders 447 600 25 60 5 100 55 100 80 330 1,802 
Black Skimmer ------- ------- 380 ------- 45 ------- ------- ------- ------- ------- 425 
All Terns ------- ------- ------- ------- ------- ------- ------- ------- ------- 10 10 
Magnificent Frigatebird 4 3 ------- ------- ------- ------- ------- 5 7 5 24 
Roseate Spoonbill 70 ------- ------- ------- ------- ------- ------- ------- ------- ------- 70 
            
Total Seabirds 929 4,358 825 115 63 1,695 855 4,672 258 1,653 15,513 
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APPENDIX 1i:  Results of aerial survey conducted on 13 October, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 10,000 1,200 45,250 105 165 59,560 107,980 75,180 ------- 4,700 304,140 
Sanderling ------- ------- ------- ------- 35 ------- ------- ------- ------- ------- 35 
Black-bellied Plover 80 ------- 155 35 58 40 150 80 10 85 693 
Short-billed Dowitcher 450 150 390 ------- ------- ------- 2,130 480 ------- 480 4,080 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Willet 881 1,667 2,030 297 64 880 731 205 85 1,359 8,209 
Whimbrel 1,250 681 1,010 195 53 118 180 93 77 562 4,219 
American Oystercatcher ------- ------- 155 75 16 15 ------- ------- ------- ------- 261 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Shorebirds 12,661 3,708 48,990 707 391 60,613 111,171 76,038 172 7,186 321,637 
            
Neotropic Cormorant ------- 475 650 407 7 2,541 675 2,060 2 200 7,017 
Brown Pelican 163 347 1,700 24 12 1,236 290 1,510 227 1,230 6,739 
Laughing Gull 360 20 1,200 ------- ------- 80 805 639 ------- 525 3,629 
Waders 90 75 ------- 20 2 30 50 115 55 215 652 
Black Skimmer ------- ------- 110 ------- ------- ------- ------- 45 ------- ------- 155 
All Terns ------- ------- ------- 5 ------- ------- ------- ------- ------- ------- 5 
Magnificent Frigatebird 5 15 15 2 5 ------- ------- ------- 4 52 98 
Roseate Spoonbill ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Seabirds 618 932 3,675 458 26 3,887 1,820 4,369 288 2,222 18,295 
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APPENDIX 1j:  Results of aerial survey conducted on 25 October, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 43,000 2,550 280 1,880 ------- 41,370 170,510 92,300 3,812 4,200 359,902 
Sanderling ------- ------- ------- ------- 15 22 ------- ------- ------- ------- 37 
Black-bellied Plover ------- ------- 115 ------- 92 145 101 ------- 30 15 498 
Short-billed Dowitcher ------- ------- 75 ------- ------- ------- 760 1,010 ------- 350 2,195 
Ruddy Turnstone ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Red Knot ------- ------- 20 ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Willet 761 890 2,166 668 78 773 441 257 136 473 6,643 
Whimbrel 748 467 1,019 169 30 72 ------- 25 199 72 2,801 
American Oystercatcher ------- 20 20 66 5 22 ------- ------- ------- ------- 133 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt 10 ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Shorebirds 44,519 3,927 3,695 2,783 220 42,404 171,812 93,592 4,177 5,110 372,239 
            
Neotropic Cormorant ------- 682 1,250 453 10 2,500 320 925 5 340 6,485 
Brown Pelican 157 322 95 300 3 520 ------- 1,000 163 1,404 3,964 
Laughing Gull 690 362 400 110 ------- ------- 2,990 180 ------- 865 5,597 
Waders 45 50 ------- 75 ------- 10 ------- 30 64 100 374 
Black Skimmer ------- ------- 150 ------- ------- ------- ------- 35 ------- ------- 185 
All Terns 500 ------- 280 ------- 3 6 210 20 6 5 1,030 
Magnificent Frigatebird 5 ------- ------- 18 15 ------- ------- ------- 9 25 72 
Roseate Spoonbill ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Seabirds 1,397 1,416 2,175 956 31 3,036 3,520 2,190 247 2,739 17,707 
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APPENDIX 1k:  Results of aerial survey conducted on 1 November, 1997.  Numbered columns
indicate shoreline segments (see FIGURE 1 in methods).
Species/Group 1 2 3 4 5 6 7 8 9 10 Total 
Unidentified Small 27,300 7,458 9,125 ------- 6,483 57,600 95,600 89,815 9,305 60 302,746 
Sanderling ------- ------- ------- ------- 10 ------- ------- ------- ------- ------- 10 
Black-bellied Plover ------- ------- 65 28 163 60 50 200 13 18 597 
Short-billed Dowitcher 80 ------- 740 ------- ------- ------- 1,490 270 ------- 35 2,615 
Ruddy Turnstone ------- ------- ------- ------- 10 ------- ------- ------- 8 10 28 
Red Knot ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Medium ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Willet 1,112 408 1,483 218 152 540 323 275 53 237 4,801 
Whimbrel 583 457 860 92 46 193 27 37 149 313 2,757 
American Oystercatcher ------- ------- ------- 115 9 15 ------- ------- ------- ------- 139 
Marbled Godwit ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Black-necked Stilt ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
Unidentified Large ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- 
            
Total Shorebirds 29,075 8,323 12,273 453 6,873 58,408 97,490 90,597 9,528 673 313,693 
            
Neotropic Cormorant 1 855 1,652 165 7 2,000 820 3,169 75 140 8,884 
Brown Pelican 81 211 1,271 271 45 617 55 550 267 1,029 4,397 
Laughing Gull ------- ------- 425 ------- ------- ------- 640 50 5 1,217 2,337 
Waders 182 131 20 52 ------- ------- 4 10 96 210 705 
Black Skimmer ------- ------- 120 ------- ------- ------- ------- 15 ------- ------- 135 
All Terns ------- ------- 5 51 59 ------- 45 50 16 ------- 226 
Magnificent Frigatebird 1 30 6 5 ------- ------- ------- ------- 28 5 75 
Roseate Spoonbill 15 15 ------- ------- ------- ------- ------- ------- ------- ------- 30 
            
Total Seabirds 280 1,242 3,499 544 111 2,617 1,564 3,844 487 2,601 16,789 
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APPENDIX 2:  Summary of bird observation by species and field site.  See methods section for
site codes.
SPECIES ANFI ROAF HOEF HOAF KOAF ENFI ALAF LAPF HODZ COE1 VCBE FABE FAMA VVSA COE2 
Least Grebe 0 0 0 0 0 0 0 0 0 0 0 0 0 65 0 
Pied-billed Grebe 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 
Brown Pelican 0 0 0 0 0 0 0 0 0 0 258 365 26 0 0 
Neotropic Cormorant 0 0 0 0 0 0 0 0 0 0 49 165 59 0 0 
Anhinga 0 0 0 0 0 0 0 0 0 0 0 0 31 1 0 
Great Blue Heron 0 0 0 0 0 0 0 0 0 1 0 13 2 6 3 
Cocoi Heron 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Great Egret 0 5 0 0 3 3 4 0 14 63 38 227 55 40 114 
Snowy Egret 0 1 0 2 1 5 2 2 20 21 36 104 3 29 47 
Little Blue Heron 4 4 2 0 0 3 20 0 35 70 16 290 12 56 140 
Redish Egret 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Tricolored Heron 0 0 0 0 0 0 0 0 0 0 2 92 2 0 7 
Cattle Egret 2 6 2 0 0 2 4 40 28 317 0 0 0 4 3 
Green-backed Heron 0 0 0 0 0 0 0 0 4 28 0 11 5 3 23 
Black-crowned Night-heron 0 0 0 0 0 0 0 0 0 1 0 3 0 0 2 
Yellow-crowned Night-heron 0 0 0 0 0 0 0 0 0 6 0 327 3 1 383 
White Ibis 0 7 0 0 2 8 6 0 0 0 1 79 3 73 0 
Green Ibis 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 
Wood Stork 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 
Black-bellied Whistling 
Duck 
0 0 0 0 0 0 0 0 0 0 0 0 1 755 69 
Blue-winged Teal 0 0 0 0 0 0 0 0 9 47 0 0 0 527 298 
Cinnamon Teal 0 0 0 0 0 0 0 0 0 9 0 0 0 44 10 
Gray-necked Wood-rail 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
White-throated Crake 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
Sora 0 0 0 0 0 0 0 0 1 1 0 0 0 21 12 
Purple Galinule 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
Common Moorhen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Southern Lapwing 0 0 0 0 0 0 4 23 0 25 0 0 0 0 41 
Black-bellied Plover 0 0 0 14 0 0 0 45 0 0 47 221 0 1,287 1 
American Golden Plover 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
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APPENDIX 2.  Continued.
SPECIES ANFI ROAF HOEF HOAF KOAF ENFI ALAF LAPF HODZ COE1 VCBE FABE FAMA VVSA COE2 
Collared Plover 0 0 0 0 0 0 0 68 0 2 0 1 0 109 0 
Wilson’s Plover 0 0 0 0 0 0 0 1 0 2 162 144 0 274 1 
Semipalmated Plover 0 0 0 0 0 0 0 178 2 0 112 405 0 1,237 8 
Black-necked Stilt 0 0 0 0 0 0 0 0 0 4 0 0 0 335 296 
Wattled Jacana 0 0 0 0 0 0 0 4 0 47 0 0 0 68 410 
Greater Yellowlegs 0 0 0 0 0 0 0 20 2 8 0 32 0 254 40 
Lesser Yellowlegs 0 0 0 0 0 1 0 0 0 2 0 4 0 226 101 
Yellowlegs Spp. 0 0 0 0 0 0 7 0 0 8 0 45 9 37 99 
Solitary Sandpiper 0 3 0 0 0 1 4 2 3 28 0 0 0 35 51 
Willet 0 1 0 1 1 0 6 3 2 2 148 868 0 442 519 
Spotted Sandpiper 6 6 0 0 0 5 2 13 3 71 71 206 6 64 181 
Upland Sandpiper 6 0 0 0 0 0 0 20 26 131 0 0 0 0 0 
Whimbrel 2 3 2 157 8 40 79 112 7 12 150 640 0 533 286 
Marbled Godwit 0 0 0 0 0 0 0 0 0 0 0 0 0 18 0 
Ruddy Turnstone 0 0 0 0 0 0 0 0 0 0 62 10 0 26 0 
Surfbird 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 
Red Knot 0 0 0 0 0 0 0 0 0 0 0 0 0 38 0 
Unidentified Peeps 0 0 0 0 0 0 0 145 0 1 0 48 0 3,748 0 
Semipalmated Sandpiper 0 0 0 0 0 0 0 72 0 0 2 54 0 731 234 
Western Sandpiper 0 0 0 0 0 0 0 263 0 8 23 190 0 2,014 468 
Least Sandpiper 0 23 0 3 0 4 0 259 2 73 395 585 0 1,419 2,039 
White-rumped Sandpiper 0 0 0 0 0 0 0 0 0 0 0 0 0 8 13 
Baird’s Sandpiper 0 0 0 0 3 1 0 22 0 1 0 0 0 12 0 
Pectoral Sandpiper 4 0 0 0 3 8 3 89 15 61 0 0 0 10 18 
Stilt Sandpiper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Buff-breasted Sandpiper 0 0 0 4 0 0 15 279 0 0 0 0 0 0 0 
Short-billed Dowitcher 0 0 0 0 0 0 0 60 0 0 6 32 0 372 46 
Common Snipe 0 0 0 0 0 0 0 0 0 26 0 0 0 0 0 
Wilson’s Phalarope 0 0 0 0 0 0 0 0 0 0 0 0 0 30 49 
Laughing Gull 0 0 0 0 0 0 0 0 0 0 13 16 0 1,156 0 
Band-tailed Gull 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Common Tern 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 
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APPENDIX 3.  Summary of ground observations by species and week.
SPECIES WK 1 WK 2 WK 3 WK 4 WK 5 WK 6 WK 7 WK 8 WK 9 WK 10 WK 11 TOTAL 
Least Grebe 3 12 8 10 8 2 8 2 0 8 4 65 
Pied-billed Grebe 0 1 2 2 3 0 0 0 0 0 0 8 
Brown Pelican 100 40 20 39 64 32 63 207 31 14 12 622 
Neotropic Cormorant 57 36 13 15 21 24 35 28 21 11 12 273 
Anhinga 5 1 5 4 1 3 3 3 3 2 1 31 
Great Blue Heron 2 0 0 3 0 1 2 2 7 6 3 26 
Cocoi Heron 0 0 0 2 0 0 0 0 0 0 0 2 
Great Egret 41 37 37 47 74 50 47 64 76 43 38 554 
Snowy Egret 16 15 18 13 30 23 37 26 33 20 20 251 
Little Blue Heron 41 51 48 37 47 50 51 72 95 64 96 652 
Redish Egret 0 1 0 0 1 0 0 0 0 0 0 2 
Tricolored Heron 11 10 11 8 13 12 4 9 12 2 11 103 
Cattle Egret 61 14 49 37 54 21 34 13 5 47 44 379 
Green-backed Heron 3 10 4 21 12 5 7 1 7 5 4 79 
Black-crowned Night-heron 1 0 0 0 0 4 1 0 0 0 0 6 
Yellow-crowned Night-heron 46 49 82 54 109 72 64 64 86 39 56 721 
White Ibis 31 16 38 9 15 17 8 9 30 2 4 179 
Green Ibis 4 0 1 0 0 0 0 0 0 0 0 5 
Wood Stork 0 0 0 0 0 0 3 0 0 0 0 3 
Black-bellied Whistling Duck 27 16 36 18 17 9 88 31 146 197 240 825 
Blue-winged Teal 4 6 118 56 86 184 73 30 63 101 142 863 
Cinnamon Teal 0 0 0 0 0 4 4 12 4 19 20 63 
Gray-necked Wood-rail 0 1 0 0 0 0 0 0 0 2 0 3 
White-throated Crake 0 0 0 0 0 0 2 0 0 2 0 4 
Sora 0 0 0 0 1 1 2 0 8 4 18 34 
Purple Galinule 3 1 0 3 2 2 0 2 2 1 1 17 
Common Moorhen 0 0 0 0 0 0 0 1 2 2 0 5 
Southern Lapwing 18 7 37 6 4 6 0 0 0 0 0 78 
Black-bellied Plover 291 160 168 376 222 347 14 5 2 18 2 1,605 
American Golden Plover 0 0 0 0 0 2 0 0 0 0 0 2 
Collared Plover 6 5 34 2 61 42 8 0 16 6 0 180 
Wilson’s Plover 24 56 48 34 111 59 116 10 18 60 42 578 
Semipalmated Plover 352 45 148 116 110 247 255 34 191 126 318 1,942 
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APPENDIX 3.  Continued.
SPECIES WK 1 WK 2 WK 3 WK 4 WK 5 WK 6 WK 7 WK 8 WK 9 WK 10 WK 11 TOTAL 
Black-necked Stilt 35 29 30 43 60 92 37 32 200 38 29 635 
Wattled Jacana 54 50 58 64 56 49 40 46 50 35 20 522 
Greater Yellowlegs 38 29 32 47 20 51 34 23 41 11 40 366 
Lesser Yellowlegs 32 16 21 52 30 47 31 4 45 16 40 334 
Yellowlegs Spp. 0 5 14 18 35 22 9 24 20 6 7 160 
Solitary Sandpiper 6 15 33 17 30 11 1 2 1 0 1 117 
Willet 190 105 187 264 230 299 107 106 233 90 183 1,914 
Spotted Sandpiper 71 74 61 76 71 109 39 38 34 44 44 661 
Upland Sandpiper 0 0 8 9 10 66 20 16 15 12 8 164 
Whimbrel 259 130 176 201 198 329 96 126 168 98 237 2,018 
Marbled Godwit 3 0 1 12 0 2 0 0 0 0 0 18 
Ruddy Turnstone 14 3 37 8 4 2 0 1 0 0 0 69 
Surfbird 0 0 0 0 0 0 0 0 0 10 0 10 
Red Knot 0 0 0 16 0 0 0 0 22 0 0 38 
Unidentified Peeps 142 0 717 688 556 281 470 210 587 40 250 3,941 
Semipalmated Sandpiper 249 5 86 81 169 165 63 37 51 86 101 1,093 
Western Sandpiper 511 14 57 216 356 369 198 100 154 351 251 2,677 
Least Sandpiper 323 198 481 683 653 684 486 273 362 359 280 4,782 
White-rumped Sandpiper 2 0 0 0 1 9 3 6 0 0 0 24 
Baird’s Sandpiper 0 0 4 2 2 16 3 0 0 0 0 27 
Pectoral Sandpiper 3 11 4 9 10 27 26 97 13 8 2 210 
Stilt Sandpiper 2 1 0 0 0 0 0 0 0 0 0 3 
Buff-breasted Sandpiper 0 0 43 44 43 86 22 48 11 1 0 298 
Short-billed Dowitcher 1 0 42 8 24 38 0 7 4 18 0 142 
Common Snipe 0 0 0 0 0 0 0 4 1 8 13 26 
Wilson’s Phalarope 5 3 6 11 6 14 32 2 0 0 0 79 
Laughing Gull 187 43 79 374 300 177 15 10 0 0 0 1,185 
Band-tailed Gull 0 0 0 0 1 0 0 0 0 0 0 1 
Common Tern 0 0 0 0 0 0 0 60 0 0 0 60 
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APPENDIX 4.  List of waterbird species detected during the study period.
COMMON NAME LATIN NAME 
Least Grebe Tachybaptus dominicus 
Pied-billed Grebe Podilymbus podiceps 
Laughing Gull Larus atricilla 
Gray Gull Larus modestus 
Band-tailed Gull Larus belcheri 
Gull-billed Tern Sterna nilotica 
Royal Tern Sterna maxima 
Common Tern Sterna hirundo 
Least Tern Sterna antillarum 
Black Tern Chlidonias niger 
Black Skimmer Rynchops niger 
Anhinga Anhinga anhinga 
Neotropic Cormorant Phalacrocorax olivaceus 
Brown Pelican Pelecanus occidentalis 
Magnificent Frigatebird Fregata magnificens 
Black-bellied Whistling Duck Dendrocygna autumnalis 
Blue-winged Teal Anas discors 
Cinnamon Teal Anas cyanoptera 
Roseate Spoonbill Ajaia ajaja 
White Ibis Eudocimus albus 
Green Ibis Mesembrinibis cayennensis 
Glossy Ibis Plegadis falcinellus 
Wood Stork Mycteria americana 
Great Blue Heron Ardea herodias 
Cocoi Heron Ardea cocoi 
Great Egret Casmerodius albus 
Snowy Egret Egretta thula 
Redish Egret Egretta rufescens 
Tricolored Heron Egretta tricolor 
Little Blue Heron Egretta caerulea 
Cattle Egret Bubulcus ibis 
Green-backed Heron Butorides striatus 
Black-crowned Night-heron Nycticorax nycticorax 
Yellow-crowned Night-heron Nyctanassa violacea 
Gray-necked Wood-rail Aramides cajanea 
White-throated Crake Laterallus albigularis 
Sora Porzana carolina 
Purple Galinule Porphryrula martinica 
Common Moorhen Gallinula chloropus 
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APPENDIX 4.  Continued.
68
COMMON NAME LATIN NAME 
Wilson’s Phalarope Phalaropus tricolor 
Black-necked Stilt Himantopus mexicanus 
Common Snipe Gallinago gallinago 
Short-billed Dowitcher Limnodromus griseus 
Stilt Sandpiper Calidris himantopus 
Red Knot Calidris canutus 
Pectoral Sandpiper Calidris Melanotos 
White-rumped Sandpiper Calidris fuscicollis 
Baird’s Sandpiper Calidris bairdii 
Least Sandpiper Calidris minutilla 
Semipalmated Sandpiper Calidris pusilla 
Western Sandpiper Calidris mauri 
Sanderling Calidris alba 
Marbled Godwit Limosa fedoa 
Hudsonian Godwit Limosa haemastica 
Greater Yellowlegs Tringa melanoleuca 
Lesser Yellowlegs Tringa flavipes 
Solitary Sandpiper Tringa solitaria 
Willet Catoptrophorus semipalmatus 
Upland Sandpiper Bartramia longicauda 
Buff-breasted Sandpiper Tryngites subruficollis 
Spotted Sandpiper Actitis macularia 
Whimbrel Numenius phaeopus 
Southern Lapwing Vanellus chilensis 
Black-bellied Plover Pluvialis squatarola 
American Golden Plover Pluvialis dominica 
Collared Plover Charadrius collaris 
Semipalmated Plover Charadrius semipalmatus 
Wilson’s Plover Charadrius wilsonia 
Surfbird Aphriza virgata 
Ruddy Turnstone Arenaria interpres 
American Oystercatcher Haematopus palliatus 
Wattled Jacana Jacana jacana 
 
 
 
